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Art. I.—The Viscosity of Stee’ and its Relations to Temperature ; 
by CARL Barus. 


THIs paper is to be restricted to a discussion of the relation 
between torsional viscosity and temperature, as observed with 
steel in different states of hardness. Some mention of the 
effect of stress on the amount of viscous motion in solids is, 
however, unavoidable;, and the experiments lead naturally to 
the investigation of a more general method, by which the in- 
stantaneous deformation and the gradual deformation produced 
by stress may be codrdivated. The data already show that 
imperceptible gradations lead from the purely viscous defor- 
mation which follows strains within the elastic limits, to the 
sudden, permanent set which follows strains beyond the elastic 
limits. 

Method of measurement. 

Method.—Given a continuous straight steel wire of length Z, 
to which a convenient rate of twist, t, has been imparted. Con- 
sider two right sections whose distance apart is the unit of 
length and let yg be the amount of viscous angular motion of 
the first relative to the second, during the timez The relation 
between ¢ and ¢ is necessarily complex ; but if ¢ be taken suffi- 
ciently small, the variation of g within this interval will be 
uniform. Suppose the wire to be adjusted vertically and pro- 
vided with an index to register angular motion at a distance bd 
from its lower end. Then will the motion at the index due to 
the viscous detorsion of two sections whose distance from the 
lower end is « and whose distance apart is dw («>0), during 


the time ¢ be jai. 
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Hence the total angular motion at the index due to a length of 
the wire between =k (k>0) and <=k+a will be found by in- 
tegration to be 
p=b pl 

Equation (2) implies that viscous detorsion takes place only 
along the length a of the wire, or that the remainder of the 
wire is practically rigid with respect to this part. If, as in the 
present experiments, the temperature of 
a exceeds that of the rest of the wire by 
100° and muvre, these conditions are 
nearly enough fulfilled. Equation (2) 
therefore enables us to calculate ¢ at 
once. Knowing ¢g or the amount of 
viscous motion uniformly around an axis, 
it is not difficult to find the correspond- 
ing datum for rectilinear viscous motion, 
where the strain impressed is a simple 
shear. I omit this reduction here. 

Apparatus.—In the actual work it is 
expedient to compare two identical wires, 
one of which is kept hot, the other cold. 
These wires are shown in the annexed 
diagram ataband cd. The ends, having 
been bent loop-shaped, are screwed near 
the middle of the apparatus to a cross- 
piece of iron carrying the adjustable mir- 
ror M. This is the index referred to in 
the preceding paragraph, and angular de- 
viations are read off by Gauss’ method. 
To deaden lateral vibrations. the mirror 
is also provided with a cross-vane, mm, 
dipping appropriately into a fixed dish 
of water. ‘The upper end of the system 
of wires is screwed to a round steel rod, 
af, which fits snugly in the perforation of 
the massive fixed piece of brass gh. A 
steel pin, p, passing through both brass 
and steel rod, secures the latter to the 
former. The lower end of the wires is 
similarly fastened to the steel rod dh and 
the fixed piece of brass ki. To keep the 
wires tense they are stretched by a 
weight, RQ; and a part of the lower 
fixed brass &/ has therefore been cut 
away in such a manner that the lower 

Seale one-fourth. = nin g may slide along a plane. The sys- 

tem of wires is therefore free to expand. 


its Relations to Temperature. 3 


To heat: the upper wire, a given part of it was surrounded 
by a special form of vapor bath, without being necessarily in 
contact with it. This will be described elsewhere. Steam 
(100°), aniline vapor (190°), and mercury vapor (360°) were 
consecutively introduced. Errors due to radiation are care- 
fully avoided by appropriate screens. 

By removing and then re-inserting the pin g, the wires may 
be twisted in multiples of 90° for each length, or in multiples 
of rate of twist (r) of 3° for each wire. . For the given dimen- 
sions this is the effest of a couple .of 250 g. on one centimeter, 
for each 3° of rate of twist. 

A few critical remarks on the efficiency of the apparatus are 
in place. In most of the experiments made the torsional de- 
formation is so great that special fiducial marks to register the 
possible motion of the fixed pieces gh and i are superfluous. 
Indeed, for angles as large as those observed, Gauss’ method of 
angular measurement is no longer conveniently applicable, be- 
cause of the number of corrections which become essential. 
In future measurements it will be expedient to use other meth- 
ods. The large deflections, however, made it possible to use 
the Gauss’ method even when the apparatus is thrown into 
unavoidable vibration; for instance, when the upper wire is 
surrounded by boiling mercury. In the present work it did 
not seem necessary to take special precautions for jacketing the 
lower wire. Its temperature is that of the surrounding air, 
very nearly, and it is not heated by radiation. In the case of 
steam and of aniline vapor, the length of the hot part of the 
upper wire is sharply measurable, but in the present work this 
could not be so satisfactorily done for mercury vapor. Regard- 
ing the mode of heating, there are two methods available: the 
wire may either be heated and the twist then applied, or the 
wire may be twisted to the desired amount before heating. 
The former of these methods eliminates the time error, but it is 
difficult to obtain an accurate reading for the zero-point, i. e., 
the scale reading for the twisted system before heat is applied. 
Hence the other method was adopted, in which the invariability 
of the zero referred to can be satisfactorily tested before each 
experiment. The error is the time consumed in heating the 
wire, and in the second. part of the observation, the time con- 
sumed in cooling the wire after heating. Special means for 
cooling were not applied. When the motion is great, it is de- 
sirable to have the index-mirror adjustment light, though the 
device used was not perhaps objectionably heavy. 

The immediate effect of heating the upper wire is an expan- 
sion of the system. Hence if the part of the low fixed brass 
kl, along which the pin q is free to slide, be not plane and true, 
there will be a tendency to rotate the system. If, however, the 
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twist be alternately applied positively and negatively, this ex- 
pansion error is eliminated by commutation. This safeguard 
was invariably applied. When the twist stored amounts to 
180° for each wire, its sign may often be reversed and readings 
made without necessarily readjusting the mirror. For smaller 
twists the mirror must be readjusted. Larger twists were not 
applied because of liability to permanent set of the wire so 
twisted. 

The wires used are Stubs’ best steel, hardened and tempered 
electrically, as described elsewhere.* 


Experimental Results, 


Residual twist.—The following experiments have an introduc- 
tory and suggestive character. T'wo glass-hard wires with their 
ends bent loop-shaped are fastened firmly together at one end 
of each. The other ends are then twisted r° against each other 
and also fastened. This twisted system of glass-hard wires, or 
system in which a rate of twist of 3° or 6° has been stored, are 
then annealed at divers temperatures during stated times as 
shown in the tables. The amount of twist lost during anneal- 
ing is measured by determining the angle between the planes 
of the upper and lower loops of each wire before and after 
annealing. A gallows arrangement by which a needle is sus- 
pended over a divided circle by the steel wire itself is used for 
measurement. 

The tables contain the number, length (L) and diameter (29) 
of the glass-hard wires used for each couple ; also the tempera- 
ture and the time (4) in hours, during which the couples are 
annealed. They contain, furthermore, the amount of viscous 
detorsion (4,, 4,) or twist lost during annealing, for each of the 
times specified, and each of the wires; finally, the amount of 
twist stored in each wire of the system. This amount is equal 
to the twist nominally applied, minus the angle between the 
plane of the loops. Allowance is made for the amount of per- 
manent set produced by mere manipulatory twisting of the cold 
wires. When this exceeds 10°, the J is discarded. The error 
of angular measurement is probably not greater than a few 
degrees. 

In the second part of the table the wires S and 7’ are soft. 


* U.S. Geol. Survey, Bull. 14, p. 29, 1885. Compare with the above method 
the one used by Dr. Strouhal and myself in studying the relation of hardness and 
viscosity (this Journal, xxxii, p. 7, 1886). 
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TABLE 1.—RESIDUAL TwIsT. Rops GLASS-HARD. 


No. Annealed | 


at As 


A and B, 100° 
2p=0°082°™ 


C and D 


EandF 9 | | 180°—25° 
2p=0°082" 
G and H 180° —2° 
B=31™ 
Tand J | 90°—10° 
2p=0°082™ 
K and L : | 180°—20° 
L=31em | 
2p=0°082°" 
M and N | 180°—10° 
2p=0°082™ 


and P | 
L=31em 


2p==0°082-™ 
Q and R 180°—8° 
L==31:m 

2p=0°043e" 
S and T : 180°—2° 

2p==0°043°" 


This table contains results which may be expressed as fol- 
lows: the viscous detorsion produced by the action of any 
temperature on a twisted system of glass-hard steel wires, in- 
creases gradually at a rate diminishing continuously through 
infinite time,.diminishing slowly in case of low temperatures 
( < 200°), rapidly at first and then again slowly at high temper- 
atures (> 200°); so that the residual twist corresponding to any 
given temperature is reached asymptotically. Moreover, the 
strain carried by the glass-hard twisted system is almost com- 
pletely annulled when the temperature at which annealing 
takes place exceeds 350°. These results are so strikingly 
similar to the thermoelectric effect* produced by annealing 
glass-hard steel, that the present purely mechanical result may 


* U.S. Geol. Surv., Bull. 14, pp. 55, 95, 1885. 


| 0°00 0°0 180°—7° 
| 1°08 
| 2-08 64 ~ id 
| 8°58 70 _ 
| 0°17 —36° 
| 0°67 —64 
= 
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safely be used to interpret the electrical result: in both 
- experiments we observe mechanical strains disappearing under 
like conditions. 

The table contains another important result: by comparing 
the second part of the table with the first, it appears that the 
effect of temperature in decreasing the viscosity of steel is 
greater in proportion as steel is harder. For where the twist 
t is stored between two glass-hard wires it is found to have 
almost completely vanished after annealing; but where the 
same twist is stored between two soft wires less than one-third 
of it has vanished after annealing. The curious inference that 
in so far as its viscous properties are concerned, steel is much 
more susceptible to temperature when it is hard than when it 
is soft, will be carefully discussed in the following pages by 
aid of the apparatus already described. 

Torsional viscosity and temperature.—The data of the follow- 
ing thirteen tables give a clear description of the viscosity of 
steel for temperatures between 0° and 400°, and for all degrees 
of hardness. These data are readily intelligible. 7’ denotes 
the temperature of the hot part, 7” the temperature of the cold 
part of the wires in the apparatus, p. 2. The distance be- 
tween mirror and scale was 360™ throughout. J, b, k, a, have 
the signification already given, being the total length of wires, 
the distance of mirror above their lower end, the length of their 
cold and of their hot parts, respectively, in centimeters. The 
tempers of the rods (diameter 29) are expressed by the tem- 
perature at which the originally glass-hard rod was annealed. 
Soft rods are annealed at red heat. The tabular arrangement 
contains the date and the time (/,) in hours and fractions of an 
hour, of each of the angular detorsions g, in radians. g has 
been defined, p. 1. It denotes the angular viscous motion 
between two right sections whose distance apart is the unit of 
length, when the temperature of the included wire is 7° and 
the original rate of twist c for the given diameter 2¢. Identi- 
cal signs of t and ¢ refer to angular motions in the same sense, 
and since z and ¢ agree for the cold rod this is invariably of 
greater viscosity. 
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TABLE 1, 


L=60™, b==30°™, No. 1, soft 


T=100°; 7’=20°. ‘A=26. No. 2) soft 2p==0°082™, 


Date. Date. 


64 53m 19/2, gh 44m 


4 
24/2, 10" 42 


10 


‘uo 


| 


tT (cold rod)—6°, imparted after heating. 
t (cold rod)—6°, imparted before heating. 
(cold rod)+6°, imparted before heating. 


TABLE 2. 
A=26™, No. 3, ann’ld, 100° 9» 
= 7— 99° . . 
7=100"; T’=20°. Rods: No 4) ann'ld, 100° 9 2p 


Date. ho | 108 Date. ho | 108 


24/2, 4»36™| 0:00/ —0-00 ‘26/2, 10"02™| 0-00) ¢ 


2} —4:57 10 10 0°13) —11°95) ) 
5| —5°62 15 | 0-21 —13-26) 
2) —13°21 20 0°30) —14°70) 
7) —1591 25 0:39) —15°62) 
30 | 0-46 —16-42 

5 15 | 0°65) —12°31 44 0°70; —18°22 
25/2, 9 40 | 17°07) —10°43) 5 | 55 0°89; —18°29 
25, 2.10" 0:00 0:00 + 04 1°03} —19°97 
| 16 1°22) —20°83 
8°87 43 1°70; —22°34 
14°10 57 1°92; —23°07 
18°13 55 2°87; —25°20) J 
19°60 
20°12 09 3°10) —24°14 
20°70) | 30 3°41) —23°46 
55 —23°34 
19°81 12 5°16} —22°66 
19°06 
18°70 
18°40 


Yo 


| 
18°05] } | 
* r (cold rod)—6° imparted before heating. 

+7 (cold rod)+6° imparted before heating, immediately after *. 
tr (cold rod)—6° imparted before heating, immediately after +. 


7 
| | 9x 108 

| 300 | 172) —1'76 

0.56 | 0:05) —1°57/) 25 | 2°13) f PS 

100 | —1-66} | 363) —0-96 } 
[5 | 0°37) —1'85 | 0:00) 000) 
45 | 0-87] —2:17|$ | | 
245 | 1:87] —2-45 | m45 | 005) 1 
350 | 2°95) | 59 | 029) 1 
4 30 3°63} —2-99) 1112 | 050) 1 
27 | O75) 1 
4 33 3°67) — 2:80) 59 | 1°30 
44 | 385] —2°36) | 12 23 | 166! 1 
54} 4:02! —2-21) 1 15 2°50; 
19/2, 9 30 20°67) —1°88)J) ~ 
19/2, 0-00; —0-00; + 122 | 265 162 

| 30 | 280) 1:33 

125 | —1-73] 50 | 3°13) 114 
56 | 0°65} —1:95| | 212 | 350) 1°01 
214 | 095) || 3 30 | 4:80; 0°94 
40 1°38 3°} 3) J | i 
t 
| 
mM q 

26/2, 9 | 
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TABLE 3. 


T=100°; T’=20°; a=26™; L=—60™; Rods: 
annealed, 190°, 25; No. 6, annealed, 190°, 24; 2o=0-082«™. 


Date. | || Date. | ho | 9x10 


26/2, 3457 * | 28/2, 3455™| 1:83} —10°28 
44 405 | 2:00) —9-72 
| 54 —9'18 


|| 5/3, 108 20™|" —0°00 


— 2°38 
— 2°93 
—3°07 
— 3°23 
—3°45 


‘uo 


—2°38 
20 00 : 0°88, —1'90 


—1°55 


‘yo 


0-00 


bo bo 


0°06 
0°36 
0°50 
0°63 


o 


“uo 


0°] 
0°2 
0°3 
0°5 
1°2 
15 
1°9 
2°5 


> Or bo 


0°70 
0°85 
1°03 
1:20 
0°00 


+ 


49" | 00) 52 | 0-10 
2 05 ; 


“uo 


—10°80 
—11°30 


aA 


| 


* r (cold rod)—6°, imparted before heating. 
+7 (cold rod)+6°, imparted before heating, immediately after *. 
$7 (cold rod)—6°, imparted before heating, immediately after +. 


| 8 
So 
0°09} —4°83 
25 0-17} —5°79 
| 34 0°32) —6°75) | 10 26 0°10 
40 0°42) —7'18) 30 0°16 
51 0°60) —7°64! | 35 0°25 
5 10 0°92} | 44 0°40 | 
56 0°60 J 
5 17 | 1:03) —7'53}) o B 
28/2, 9 ) 
28/2, 9h | 
10 
| | 23 1:05, =| | 
10 27 | 3°62! } 31 1:39) J 
34 | | 801 | 11" 33" 
4l 9°03 
; 51 | 9°82) | 11 35 3°06} ) 
11 02 | 10°44! | 54 T'67| | o 
33 | } 11°38) |, 12 03 g-29| 
54 | 11°80, | 8-60] | 
12 17 | | 12-20) | 
50 | 0] 12°63) J 12 15 8°28} } 
24 | o 
1 04 273] 11°27/) 35 
15 | 2°92} 10°82 | o & 45 6°87] 
42 | = || 5/8 146") —000; 
= Z Us zo. — 7°46) | 
08 0°37) —7:90 } 
#15 | 0 15 —8'26) | 
20 | 0 24 0°63) —8'62) } 
30 | 0 
35 | 0 2 31 075 | 
51 | 0 41 | 092, of 
313 1 51 1:08) —6-76 
20 1 3 11 1°4] — 6°49) 
45 | 1 
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TABLE 4. 
T=100°; 7’==20°; a==26™; b=30™; L=60™; k==34e™, Rods: No. 7, 
annealed, 360°; No. 8, annealed, 360°; 2p=0°083°™, 
Date. ho | ox 10° | | Date. ho ox 108 
1/3, 10®30™| 0°00) 000 * 1/3, 2209™| 0-48) —443) 
| 35 0:92) —4:82 | 
10 35 0:08 2°16 3 04 1°33} —5°04 $5 
47 0-28| 2°68) | 24 1:73} 
"0 
22 0°87 3°05, | o 4 55 2°25} —4-45 
45 | 125) 5 03 | 240, —415 
12 00 150) 25 2°75) —3°86 = 
| 1/3, 4°40"| 0-00 000) ¢ 
12 15 1°75 
57 2°45 1°79 4 47 0°10 9°39 
37 3°12 1°74 5 05 0°42 3°95 5 E 
1/3, 1240] 0-00 0:00 + 15 0°58 4°12 
47 0°12 2°63! 5 22 “10 3°67; ) o 
51 0°18} —3-40 2/3, 9242™| 17-03 2-47) 
58 0°30) —4-04, 
* r (cold rod) +6°, imparted before heating. 
+ 7 (cold rod)—6°, imparted before heating, immediately after *. 
$7 (cold rod)+6°, imparted before heating, immediately after t. 
TABLE 5. 
T=100°; 7’==20°; L=—60™; b=30™; k=—34™, Rods: No. 9. 
annealed, 4 ; No. 10, annealed, 480°; 2p==0-083°™, 
led, 480°; No. 10 led, 480°; 2p 
Date. | ho | 108 Date. ho | ox108 
2/3, 10 53™ 0-00| 0-00} * || 3/3, 10205") 0°05 1-41} ) 
11 00 | 0°07) 1°35) | 10 | 0°13) 2°44) | 
10 | | 15 | O21) 2°78) | 
21 | 0-28) 2 || 25 | 038 291/76 
31 | 038 || 31 | 0°48) 295 | ° 
40 | 0-47) 246/f 5 || 43 | 0°68) | F 
58 | 1°05) 11 02 | 100) 3-11)) 
5 99 5 i| | 
|} 11 07 | 1-08} 
15 | 2°25) | 
100 | 2°07) 2:33)) || 25 | 1:38 1°88) | 
07 214) - 2 || 37 155} 1-70) = 
124 | 231] 8 55 188) & 
| 2-41] 12 02 | 2°00 1°54] J 
4: 2°50) /s 9h Pom “Ol 
200 | 3-07) || 3/3, 124 f2 000) 
2/3, 2205™| 0-00) 0-00 + 12 17 0°08, —1°85} 
214 | 0-15] —1°88]) 22 | 016 —2-42 
19 | 0-23! —2-49 28 0°26 —2°67 
33 | 0°35) —2°75)| = 
oat) 44 | 053) —2°87 
08 | 1°05) —3-27 | 10) 
ite | 30 | 1:30) —3-11 
| | 56 | 174) —3-15] J 
3 23 | 1:30) | | 
32 | 145) —231|| 2 | 200 | 1:80) —2:87/) _ 
38 1°55} —2°12 06 1:90. —2°48 
47 1°70) 12 | 2-00! 
68 | 188) —1-88// 8 || 22 | 216) —1-94) 
2:10} —1°81] J | 33 | 235) & 
3/3, 0-00) 0°00 49 | 2-61| —1-72|} 


* rt (cold rod)+6°, imparted before heating. 
+ 7 (cold rod)—6°, imparted before heating, immediately after *. 
¢ 7 (cold rod)+6°, imparted before heating. 


#lenld rad\—R° 


imnarted hafnre heating immeadiataly aftar + 
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TABLE 6, 


T=100°; 7’=20°; a=26™; b=30™; Rods: No. 11, 
soft; No. 12, soft; 20==0°082:™ 
Date. ho 6 x 108 Date ho 6 x 108 
4/3,10%08"™| 0:00} 000 * 4/3,12%59™| 9-85 o 
1 40 3°53 1°58) 
10 13 0°08 1:57 4/3, 1257 0°00 0:00 
18 0°16 2°17 
24 (0°28) 2°33) | 204 | O11, --2°53 
3 | 0-41 241 | 09 0°20; 
47 | 0°65) 252 19 | 036 —316|| 8 
57 0°83 2°60 28 0°51 5 
11 1:06 2°69 : 40 0°71 —3°26) | 
‘ 
20 1°20 2°74 3 06 115, —3°36) J 
40 1°53 2°86 | 
3.10 | 1:21) —8-20!) 
11 45) 16 | 131 —2-78|| 
ll 55 1°78 2°01 24 1°45) —2°52 
12 05 195) 1°89) 33 —2°37/] 
15 211; | o 44 178 —2-27)) 
29 2°35) = 
* r (cold rod) +6°, imparted before heating. 
t 7 (cold rod)—6°, imparted before heating, immediately after *. 
TABLE 7. 
T=190°; T’=20°: a==26° b=30™; L=60™: Rods: No. 5, 
annealed, 190°; No. 6, annealed, 190°; 20=—0-082:™, 
Date. | ho 6x 103 Date, | ho x 103 
7/3, 0°00 0°00 9 50 0°25 4°70) ) 
| 53 0°30 16°04 | 
10 00 | 0°08) ) | 0°35 17°13 < 
04 0°15} —22-20/1 3 10°00 | 0:42) 18939 | = 
10 0°25) —23°58] P'S 08 | 055) 20-28 
19 0°40) —23°72)) 15 | O67) 21°71) | o 
7/3, 12h 27m 0°00 “0-00! 27 0°8% 23°76 | = 
40 1:08 25°66 
12 33 | 0-10) 21°91) ) 47 | 120) 26°83 J 
36 | 015) 3446/1 6 | 
40 0°29 1°95| 11 00 | 1°42 25°66 < 
42 0°25 20 | 1-75 25-09 
55 | 2494 
12 55 0°47) 40°52 8/3, 12" 00 000, 000 | 
] 40 1°22 39°34 
7/3, 2835™) 0-00, 0-00 YS O13) — 10°84 | 
10 | O17) —12°51 | 
2.45 | 017) —17-13)) 12 | 0:20 —13°68 | 
AT 0°20 18°38! | <4 15 | 0°25) —14°98 
53 0°30} —20-22| | 18 | 0°30; —16°06 | 
3 10 0°58 23°10| 21 | 0°35) —16°92 | 
19 | 0-73, —23-56/| 25 | 0°42; —17°92,} 
43 1°13 26°41] is 30 | 0°50| —19°02 ° 
35 | 0°58) —20°01 
3 53 1°30 25°49} ) 40 | O67; —20°77 
4 07 1°53 25-02 ce 45 0°75) —21°44 
45 217 24:36) RS 50 0°83) —22°03 
8/3, 9 00 | 1842) —2486)} 1 00 1:00) —23°04 ) 
8/3, 9% 35m 000 0°00 1 12 1:20} —22-20 < 
943 | 013, 6201) ( 
45 0°17 45 1°75| —21°67 
48 | 0-22! 13-271) ° § 
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* r (cold rod)—6°, 
+ 7 (cold rod) +6°, 
t t (cold rod)—: 
(cold rod) +3°, imparted before heating, 
imnarted hefore heating. 


imparted before heating. 
imparted before heating, 


immediately after *. 


, imparted before heating, immediately after 


> 


after $. 


immediately after t. 
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TABLE 8. 


T=190°; 7’==20°; a=26e™; b==30™; k=—34e™, Rods: No. 7%, 


annealed, 360° ; No. 8, annealed, 360°; 29==0°082°™, 


ho | 8 | Date. | ho | ox 108 


8/3, 211m 8/3, 1°33) —3-86) ) 
10 | 1:48) 
9/3, 9227) 0:00 


| 


2 20 ; 
25 
36 
05 


9 33 


é 
“uo 
rode 


10 
12 
35 


—~ 


dv 


‘uo 10dv A 


* rt (cold rod)+3°. imparted before heating. 
+ 7 (cold rod) —3°, imparted before heating, immediately after *. 
t r (cold rod)+3°, imparted before heating, immediately after t. 


TABLE 9. 


T=190°; T’=20°; a=26™; bD=30™; L=—60™; k=—34e™, Rods: No. 
annealed, 450°; No. 10, annealed, 450°; 2o==0°082™. 
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ho | Date. ho | | 


| 


9/3, 114 0-00 % /3, 2207"! 0°86 2°74) 
14 0:98 9°33| | o 
1l 0:08 6: 27 1°03 2:06| ( 
12 | 016 35 1°33 | 


| 0°26 97 | 3, 3°30"! 0:00 0-00) 
15 | 0-41 2: 
35 | 0°75] —2: 3.36 0-10 


12 44 | 0-90 
51 1:01 
| 0-00 i 4 
| 
| 010 ‘67 | | 4 
| 0°33 3°43| 1 | 
0°46 '110/3, 9"30™| 18-00 
0-75 52| 


‘uo A 


* rt (cold rod)—3°, imparted before heating. 
+ rt (cold rod)+3°, imparted before heating, immediately after *. 


tT (cold rod)—3°, imparted before heating, immediately after +. 


oS. 
t 
< 
35 1°13 4°51) ( 
3 48 1°35 4:56)) 
8/3, 000° 0-00 11 02, 158 344)) 
| 07 1°66 3°28) | o 
3 50 0°15, --3°37 17 1°83 3°13] 
57 0:27; —4:48 26 1°98 
4 08 0°45) —4°81 
26 0°75) —4°88 
52 1°18} —4:98 
| 
4 
3 
3°00 
—3°08 
| 
9/3, —3°29) J 
—1°99] 
—1 ) = 
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TABLE 10. 
T=190°; T’=20°; a=26™; b=30™; L=60™; k=34™, Rods: No. 11, 
soft; No. 12, soft; 2o==0°082°™, 


Date. | ho | 9x 103 | 


10/3, 10" 05" | 


10 11 | 
16 | 
23 
31 
40 


24°3 Vap. on. 
4b 15m 0°0 
30 | 25) — 0°9 


45 | —46°0|Vap. on. 


* (cold rod 


°, imparted before heating. 

t 7 (cold rod imparted before heating, immediately after +. 
§ r (cold rod)+6°, imparted before heating, immediately after . 
| r (cold rod)—6°, imparted before heating, immediately after §. 


\—3 
+ 7 (cold rod)+3°, imparted before heating, immediately after *. 

)—3*, 

) 


TABLE 
T=360°; T’=20°; a=9™; b=30™; L=60™; k=34™, Rods: No. 
soft; No. 12, soft; 2o==0°082™. 


Date. 


11/3, 11" 25 


o 


11 


— 


bo Ww 
‘uo Jode A 


or 


OS 


‘yo 10de a 


‘ao 10de 


f=) 


12/3, 


“a0 10dv A 


(cold rod)—3°, imparted before heating. 
(cold rod) +3°, imparted before heating, immediately after *. 
(cold rod)—3°, imparted before heating, immediately after +. 


it 
| Date. | ho | 9x10*| 
0°00 0-00; 1, 1543™| 0:00 0-00} 
1 52 | O15 —263/) 
018 —-36|| 57 0°23, —2°89| | 
0:30; 2 06 0°38, —3:00/ $s 
0°43) 15 0°53) | o 
23 066 —3'12|) F 
2 29 0-76 —2°59 ) < 
11 11 1:10) —1°51/) < 37 | 090 
2% | 133 51 —1:90)) 
42 1°63 5 10/3, 3° 08™ 0°00 0°0 § 
10/3, 11"49™| 0:00, + 
12 04 | 0°25 2°63.) m= 
15 0-43 oo 
24 | 0°58 2:97, 
12 45 | 0°93 259) < 
53 | 1:06 216. 
1 30 | 1°68 
ho @x10 Date. he x 10° 
0:00 0°00 * 11/3. 2h | 0°30 60°1 ) 
35 | 0:37 61°4) + 
m 34 — 35 | 0:53 63-2|) 
36 | 
39 2 64 | 0°85 6971) 
44 3 01 0:97 59°5| 
47 og ' 59°3/)° 
53 —19°0) J 11/3, 4° 25"| 0°00 000; 
11 59 —16°8} ) 4 32 010, —22-2)) 
12 05 —15'9 | 34 0-15) —31°9 
10 —15°4) 36 0°18} —36°0 
18 —15°1) | 39 0:23, —40°4 
27 3 -14°'8 4] 0°27; —41°9| 
1 13 0 45 0°33} 
1173, 2" 03"|~ 0°00 51 0°43) —45-7 | 
57 0°53 —47°2 
2 06 ) 9°8) ) 5 10 —49°6) J 
09 ) 25°6| | 
11 3 35°4 17 0°87 — 463 ) .< 
12 14°9| | 26 1:02} —449)\ 
15 53°4 9225") 17°00] —43°3/)° & 
18 ) | 
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TABLE 12, 
T=360°; 7’=20°; a=9™; b=30™; L=—60™; k=34em, No. 9, 
annealed, 450°; No, 10, annealed, 450°. 20==0:082°™. 


Date. 


Date. | ho 


12/3. 104 04m 0:00 1510" 
| 2 00 


10 0°10! | 2/3, gh y5m 


11 


‘mo 


or 


12 25 


27 
30 
36 
45 


09 
—_— 
A. 


Ow 
‘uo Jodv A 
| 
ooo 


as 


* r (cold rod)—3°, imparted before heating. 
+ 7 (cold rod)+3°, imparted before heating, immediately after *. 
tz (cold rod)—3°, imparted before heating, immediately after +. 
TABLE 13. 
T=360°; 7’=20°; a=9™; b=30™; L=60™; 


Date. 


14/3, 3519™ 


bo bo bo 


‘uo J0dv A 


‘uo JodvA 


“lh 


1473, 0-00; 0-00) 


4>45m) 
| 


4 49 
50 
52 
54 
56 
57 | 

5 05 


ee 


a5 

— 
“yo 

dt 


5 24 


* rt (cold rod)—-3°, imparted before heating. 

+ r (cold rod)—3°, imparted before heating, after *. 

¢ 7 (cold rod)+3°, imparted before heating, immediately after f. 
$7 (cold rod)—3°, imparted before heating, immediately after f. 


ho | 9x 10° 
0-92 505 tos 
1°75 49-0 
0°00 0°0 t 
“40 —24°6} | 
49 0°75 —29°6 = 2 19 0:06) 
57 088 20 0-08 
25 016) — 
M15 1:18 —25'8 ) < 27 0-20 
27 1°38 —25°2 98 0-22) — 
12/3, 12415™| 0°00 + 47 0°63} — 
313 0°96}, — 
No. 1, 
annealed, 360°; No. 8, annealed, 360°. 
Date. | ho | ox 103 | ho | x 108 | 
14/3, 10°00") 6-00) 00, | 0-00 t 
10 03 | 0-07) —25°2/) 0°05; 
05 | 010) —34:2) 3 0:07 
06 | 0-12! —41-0 4 | 008 17°9) | 
07 | 013) —47-2) 5 0°10 24:8} | 
09 | O17) —53-0) 7 0°12 33°8 
10 | 0-18} —~57°3 28 0°15 38°6 
i3 | 0:23} —63-6| | 29 0°17 44°5 
15 | 0-27) —66-4! J 32 0°22 52°8 
| | 33 0°23 56°3) | 
10 19 0°33} —65°6| 35 0-27) 
40 0°35} 66°0} J 
| 
1 38 | 26 112} 59-0 
43 | 
16 | 0°07) — 8-2)) 
51 | 0°08) —12°6)| 4 
59 | | 0°12 —31°3 = 
2 02 | 0-15) —40-4| 
11 | 0°18} —47-2| | o 
0°20} —51°6)| 
2 26 | 0°33] 
50 
| —53-4|Vap. off. 
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A few remarks on the tables are here in place. Large 
angles yg, for the measurement of which Gauss’ method is in- 
convenient, were calculated directly from the tangents. The 
error is everywhere within 1 per cent. In table 3 and more 
particularly in special experiments the observations on the 
constancy of the scale reading when the temperatures of both 
upper and lower wires are identical, prove that errors due to 
differences of viscosity in the cold wires are negligible. No 
motion is perceptible until heat has been applied. The dif- 
ficulty encountered in fixing the zero of time has already 
been mentioned. The curves are therefore correct in their 
vertical dimensions, but may have been shifted laterally as 
much as is indicated in each table by the interval between 
the parts marked “vapor on” and “vapor off.” It has also 
been stated that the results for mercury are too large because 
of the difficulty in accurately defining the length of the 
hot part a. Finally two sets of experiments were made 
with soft wire (Rods, Nos. 1, 2, 11, 12) because the viscous 
properties of soft wire are not sharply definable. The curves 
lie sometimes above, sometimes below the mean zone for 
annealed 450°. This vagueness of the soft state is largely 
due to strains incidentally impressed. When a positive twist 
immediately follows a negative twist, or vice versa, the values 
of ¢ (cet. par.) are larger than for the case of an untwisted 
wire. It is therefore to be noted that in the arrangement of 
apparatus employed the permanent set of any prolonged torsion 
is added to the following torsion, particularly in the case of 
high 7. But this discrepancy is probably negligible. 

DEDUCTIONS. 

Viscosity and Temperature.—The behavior of a given steel 
wire varies with the character and with the amount of twist it 
has received. These variations are not insignificant. Hence 
it is expedient to construct a diagram of the mean viscous 
motion for each degree of hardness, and then to discuss the 
secondary variations with reference to this diagram. In fig- 
ures 2, 3, 4 and 5, g, the angular torsion in radians (p. 1) 
is exhibited as a function of time in hours, when wires in all 
degrees of hardness are exposed to degrees of temperature (7’) 
of 100°, 190° and 360° respectively. The series is made com- 
plete when the rate of twist (z) is 3°, the values of ¢ correspond- 
ing to 7=100° (tables 1 to 6) where s=6° having been divided 
by 2 to effect this reduction. This operation is probably not 
rigorous; but it is sufficiently correct for the present purposes. 
In the case of 7=190° experiments were made both for r=8° 
(fig. 3), and for r=6° (fig. 4). All the curves consist of two 
distinct parts, an anterior ascending branch showing the motion 
at the high temperature 7) and a descending branch showing 


H 


its Relations to Temperature. 15 


the (elastic) effect of cooling from 7’ to room temperature (7 '). 
In both figures and text the abbreviation “An.” is used for 


“annealed.” An. 190° denotes, for instance, that the glasshard 
steel rod is annealed at 190° until further change of temper is 
practically imperceptible. Figures 2 to 5 and tables A and 1 
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to 13 clearly show that the viscous detorsion yg exhibited by 
steel is very much more influenced by temperature when the 
steel is hard than when it is soft. In other words, viscosity 
decreases with temperature (cet. par.) at much greater rates 
in hard steel than in soft steel. Again, at the same tempera- 
ture 7, the differences of viscosity are very large when the 
temper of steel lies between glasshard and annealed 350°. In- 
termediate differences within this interval are larger in propor- 
tion as mean hardness is greater. When temper lies between 
annealed at 350° and soft, differences of viscosity at the same 
T are relatively small. In general therefore the variations of 
viscosity due to temper are marked occurrences during the first 
phase* of annealing, and nearly vanish during the second 
phase, a result which corroborates the close analogy between 
the viscous effects of temper and the thermoelectric effect of 
temper already pcinted out (cf. p. 5). 

For the same degree of hardness viscosity increases at an accel- 
erated rate with temperature Z. In figure 2, where 7=100°, 
the large viscous interval between An. 100° and An. 860° is in 
striking contrast with the smaller viscous interval An. 360° to 
An. 1000°, notwithstanding the fact that to avoid erroneous com- 
parisons the latter interval has rather been chosen too large 
than too small. Indeed, the values for An. 1000° in table 6 
would place the locus for soft wire even above the curve An, 
450° in figure 2, suggesting the occurrence of a maximum vis- 
cosity for 7=100°. Passing from figure 2 to figure 3(7=190°), 
the interval between An. 190° and An. 360° is phenomenally 
increased. The interval An. 360° to An. 1000° is also in- 
creased, but only slightly. Again, passing from figure 3 to 
figure 5 (7'=360°), the interval of the second phase of anneal- 
ing (An. 360° to An. 1000°) is largely increased.t The marked 
tendency of a steel wire annealed from hardness at ¢° to suffer 
viscous deformation when exposed to 2°, is the chief result of 
the present paper. This tendency decreases with great rapidity 
in proportion as the temperature of exposure falls below ¢°. 

As temperature increases, glass seems to lose viscosity much 
less rapidly than hard steel, but probably not less rapidly than 
soft steel. The magnetic instability of glass-hard steel is prob- 
ably due to its extreme susceptibility to temperature, since 
every change of temper is the cause of loss of magnetic mo- 
ment. This close relation between hardness and magnetism is 
good evidence in favor of the essentially strained character of 
hard steel. 

* This Journal, vol. xxxi, p. 443, 1886. 

+ Of course the degree of hardest temper to be exposed to 7' for viscous com- 
parisons is An. 7, Harder wires would be annealed at this temperature and the 
concomitant effects due to changes of temper erroneously confounded with simple 
viscous motion. 
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Behavior of other metais.—Kohlrausch,* Streintz,+ Schmidt, 
and Pisati§ have discussed the effect of temperature on vis- 
cosity. More minute investigations on the relation between 
viscosity and temperature have recently been made with silver, 
platinum, iron and german silver, and for temperatures within 
100°, by Schroeder. It is in place to advert in passing to cer- 
tain important accordances between Schroeder’s results and the 
present results. In the data above, one or more alternations 
of the sign of twist are applied to the steel wires (Tables 1 to 
13, particularly ‘lable 3), and the amount of deformation de- 
creases (czet. par.) with the number of torsions applied gradu- 
ally toward a limit. This fact has been studied by Wiede- 
mann and by Streintz under the term “accommodation.” 
Schroeder has apparently enlarged the importance of these ob- 
servations by showing that repeated alternations of temperature 
from low to high values have the same effect.** It remains to 
be seen, however, whether this is not an immediate result of 
the fact that Schroeder’s hard-drawn wires are annealed by ex- 
posure to 100°. A second result of Schroeder’s,t+ viz: that the 
amount of “ after-action,” us well as the amount of change of 
after-action due to stated increments of temperature is greatest 
in silver, of intermediate value in iron, and smallest in german 
silver, has an important bearing on the present experiments, 
The present results taken together with the earlier paper of 
Barus and Strouhal t{{ show conclusively that the viscosity of 
steel and the variation of viscosity due to temperature increase 
in like order, and in ways which throughout the course of the 
phenomena are thoroughly analogous. A final result of 
Schroeder’s bearing on the present paper, viz: that the viscous 
detorsion occurring at 100° is arrested by suddenly lowering 
the temperature as far as 20° is again fully corroborated by the 
behavior of steel; but the character of the viscous motion while 
the temperature either rises or falls does not so fully appear, 
because a large part of the retrograde movement observed dur- 
ing cooling is here to be ascribed to concomitant changes of the 
modulus of elasticity produced by temperature. In other 

* Kohlrausch: Pogg. Ann., exxviii, p. 216, 1866; clviii, p. 371, 1876. 

+ Streintz: Wien. Berichte, lxix, p. 337, 1874, 

t Schmidt: Wien. Ann., ii, p. 264, 1877. 

S$ Pisati: Wien, Berichte, lxxx, p. 427, 1879. 

| Schroeder: Wied. Ann., xxviii, p. 369, 1886. 

"| Wiedemann: Wied. Ann., vi, p. 512, 1879. 

*#* «+ Ebenso wie das log. Decrement bei Torsionschwingungen zeigt auch die 
Nachwirkung unter dem Kinflusse wiederholter Temperaturinderungen eine Ac- 
commodation.” 

++ “ Sowohl die Nachwirkung wie die Anderung derselben mit der Temperatur 
ist am gréssten beim Silberdraht, geringer beim Eisen, am kleinsten beim Neu- 


silberdraht.” 
tt This Journal, xxxiii, p. 25, 26, 1887. 
Am. Jour. Sct.—THIRD SERIES, VOL, XXXIV, No. 199.—JuLy, 1887. 
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words relatively large variations of elasticity are superimposed 
upon and obscure the nature of the viscous detorsion during 
the interval of transition from high to low temperature, or from 
low to high temperature. It is because of the mixed char- 
acter of the retrograde movement that I refrain from using the 
data for the construction of the temperature relations of the 
rigidity of steel. Ifa device for cooling with sufficient rapidity 
to annul the viscous movement, be applied, then the present 
method may be used at once for investigating the effect of 
temperature on rigidity. This I have occasion to show in my 
next paper. 

Sudden and gradual deformation.—In the experiments for T= 
100° the rate of twist s=6° was uniformly applied. The results 
were then approximately reduced to r=38° by merely halving 
the values of gy. Figure 4 shows that the same strain, r=6°, 
applied for 7=190°, is too large for convenient measurement 
by Gauss’ method. On applying t=8° directly, the complete 
series of results of figure 3 is obtained. Comparing the loci of 
figure 3 and figure 4, it appears clearly that g increases very 
much more rapidly than ct. Moreover, if the rate of increase 
of 7 be 2, the rate of increase of ¢ is certainly as much as 8 in 
case of An. 190°, and even more than 10 in case of soft (An. 
1000°). It follows therefore very probably that the viscous 
relations of soft steel to hard steel vary enormously and may 
even change sign as the stress producing viscous motion passes 
from low to high values (cf. p. 3). This is an important de- 
duction. For rates of twist less than t=3° for the diameter 
2e=0°082™, steel is less viscous, and as regards viscosity much 
more susceptible to the influence of temperature, in proportion 
as itis harder. For rates of twist greater than r=6° steel is 
less viscous and more susceptible to the influence of tempera- 
ture in proportion as it is softer. The complete codrdination of 
these facts, in other words the full expression of the viscosity 
of steel as a function of hardness for all degrees of temperature 
T and all values of stress t, will be the key for the explanation 
of the mechanical behavior of steel and its important bearing 
on magnetic, electrical and other properties of the metal. To 
elucidate these remarks I will complete the description of the 
apparatus with which the present results were obtained. 

In the apparatus, figure 1, page 2, suppose the lower (cold) 
wire to be in connection with clock-work, in such a way that 
it may be twisted uniformly, at any given velocity, variable at 
pleasure. Suppose the method of adjusting the index to be 
such as is suitable for the measurement of angles of any magni- 
tude. If the clock be set in motion from t=0, the strain will 
increase at some determinate arbitrary rate. For a given value 
of 7, therefore, a family of curves may be obtained in which 


| 


We Brigham= Kilauea in 1880. 19 


the angular motion of the index ¢, for a given wire must be 
expressible as a function of the time during which twisting has 
taken place and the rate at which the strain is increased. In 
other words, if ¢ be the rate of rotation of the lower end of the 
lower wire, the experimental results may be symbolized by 

= f(t, ¢,) 

C2) 

Yn 
where ¢ is the symbol of time. It follows that the strain per 
centimeter of the total length Z, at any time ¢, will be ct/Z 
diminished by the amount of viscous motion.* Hence it is ex- 
yerimentally possible and fully feasible to pass from the family 
of curves ¢,, ¢,,....¢, to a similar family, 

p=Fit, 7), 
by an appropriate method of graphic solution. g thus expressed 
as a function of time and strain, for all degrees of hardness and 
all degrees of temperature 7} is the complete solution of the 
problem in hand. 


I take pleasure in acknowledging that the greater number of 
experiments in this paper are due to Mrs. Barus. 


Laboratory U. S. G. S., Washington, D. C. 


Art, in 1880; by T. BRIGHAM. 


May 1, 1880, an outbreak from the summit crater of Mauna 
Loa, in the Hawaiian Islands was reported. Some persons 
made the ascent and found a fire fountain from the floor of the 
small crater adjoining Mokuaweoweo, but this soon ceased and 
no lava escaped from the crater or from any visible rent on the 
mountain side. This was unusual, and thinking the slight 
summit eruption was probably a prelude to a more extensive 
outbreak, I started in June for the Hawaiian Islands taking 
with me Mr. Charles Furneaux, a well-known artist, that I 
might be able to preserve for scientific study, should we be so 
fortunate as to see an eruption, those appearances that the 
camera does not retain and which are so difficult to describe. 

As soon as possible after our arrival in Honolulu we sailed 
for Hilo and made the ascent to Kilauea. The road had cer- 
tainly not improved during the fifteen years since I had last 

* If c’ be the rate of the index for perfectly elastic wires, then p—c’t, and 
2c’t— correspond respectively to the viscous motion and the strain intensity at 
the time ¢, The curves y will in general be circumflex, passing from an initial 
tangent c’ to an asymptote which is the rate of rotation of the lower end of the 
wires, 
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traveled over it, but on the evening of July 24th, 1880, with 
Mr. R. Forbes Carpenter and Mr. Furneaux, I arrived at the 
northeast bank of the crater, where we found a very comfort- 
able hotel replacing the grass shanty I had occupied in 1865, 
while surveying Kilauea. The scene was familiar. Five times 
had I come to the crater at night on my way from Hilo, and 
almost as.many times while journeying from Kau, but the 
wonder of the view never dulled, and to-night the fires far away 
to the southwest were very brilliant, brighter, perhaps, than I 
had seen them before. 

On the morning of the 25th, we descended into the crater by 
the usual path leading under Waldron’s Ledge. The tempera- 
ture on the upper bank was 58° Fahr. and the steam from the 
many cracks paralle] with the crater walls seemed more abundant 
than usual. These massive walls had been much broken, and 
huge fragments of ancient lava had been tumbled down in the 
path, making the descent much easier, and also indicating more 
clearly than I had ever seen before, the way in which this vast 
crater has attained its present proportions. The original walls 
may have been of small extent, but the jar of earthquake shocks 
cracks the not firmly united layers of lava which compose the 
bounding walls, and finally throws down to the floor blocks of 
lava in size proportioned to the strength or frequency of the 
shocks ; then the next period of activity in the lava-supply sends 
over the floor streams of lava which float or melt these blocks, 
thus clearing away the talus, It is difficult to understand how 
the melted lava can raise and float the much more compact old 
lava, but I have seen it done more than once and the impres- 
sion the sight conveyed was of a black hand gently passing 
under the heavy block and raising it or carrying it along. In 
the same way lava has insinuated itself beneath stone walls 
built to bar its progress and lifted and overthrown the futile 
barrier. So extensively has this process been at work in Kil- 
auea that my survey of the crater, made with great care in 1865 
and six years later adopted by the Trigonometrical Survey of 
the Hawaiian Government and republished on their official 
map, is already antiquated, except in a few points, ascertained 
by my monuments still standing ; the whole boundary has per- 
ceptibly changed, and I consider Kilauea nearly five per cent 
larger than it was eighteen years ago. 

The change visible on the bottom of the crater was even 
greater I was provided with an excellent barometer, by the 
kindness of my friend Mr. Carpenter, and found by it that 
while the bottom of the crater, at the base of the outer wall 
where first reached in our descent, was 650 feet below the Vol- 
cano House, the central portion was only 300 feet, or, in other 
words the floor was raised in the general shape of a flat dome 


W. T. Brigham— Kilauea in 1880. 21 


850 feet high. Nor was this hill of lava simply the overflow 
of the lakes whence the lava runs in frequent outbreaks ; the 
mass was partly composed of these numberless little overflows, 
but the great mass was evidently elevated in the centre and 
the cracks every where indicated that this elevation was not a 
slow cumulative action but had been, at intervals, greatly and 
irregularly accelerated. 

In 1865 the floor of the crater was very irreguiar, full of 
caves and intersected by great cracks, but its general surface 
was nearly horizontal. A few years later the floor fell in over 
about a third of its area* and the caves and cracks were alike 
obliterated, a funnel-like depression remaining with but slight 
signs of fire at the bottom. The action however continued 
until the funnel was not only filled up but the overflow from 
it reached the outer walls of Kilauea, and then, for a while, 
the action decreased and the lava cooled. A renewal of activ- 
ity floated this crust as is indicated by occasional outflows at 
the edges, and so the intermittent action had in 1880 formed a 
tolerably regular dome surmounted by four lakes ¢ of an aver- 
age diameter of a thousand feet each. The walls of these lakes 
of fire were much broken and changing daily. They were ele- 
vated in places far above the contour of the dome, and from the 
action of heated vapors, were decomposed until their layered 
structure was plainly visible at a distance by the bands of 
brilliant colors not unlike those of the clay cliffs at Gay Head 
on Martha’s Vineyard. Emerald-green, vermilion, blue and 
indian-yellow, irregularly distributed, indicated either very little 
homogeneity of the masses or uncertain action of the sulphur- 
ous and acid vapors. 


From South East Lake—toward North. 


It was very easy to see what tumbled down these fantastic 
cliffs, for the molten mass within the lakes was most active near 
the edges and under the banks which were undermined horizon- 


*See plan, Mem. Bost Soc. Nat. Hist., vol. i, p. 572. 
+ The latest (southeast) began to form May 15th, 1880. 
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tally to the extent of fifteen or twenty feet by the white-hot, 
restless waves. From the under surface of these over-hanging 
shelves depended long and flexible skeins of what seemed to be 
volcanic spun-glass, or Pele’s hair, lapped by the white waves, 
and seeming, in the glare in which they swung, to be hot to 
transparency. These pendents were very numerous, often a 
foot in diameter and six to ten feet long, fibrous as asbestos, 
and very flexible. Although they were one of the most re- 
markable appearances at the southeast lake, it was nearly half 
an hour before I had any direct evidence of the process of 
their formation. Occasionally surface explosions took place 
and the viscous fragments, thrown violently against the roof 
above, spun out in falling back a glass tliread, sometimes sev- 
eral from each lump, the fragment being sometimes as large as 
a man’s head. An attraction, probably electrical, as the com- 
pass needle is strongly agitated in the vicinity of the currents 
from the lakes, drew together these isolated threads until the 
hank was formed which floated like seaweed in a falling tide. 
Although I watched several hours I did not see any of these 
hanks fall into the lake beneath. 

The brittle nature of the banks which were formed by over- 
flows and ejected matter loosely cemented by subsequent 
overflows or spatters, would admit of any amount of degrada- 
tion, but how is the elevation to be explained? It was no 
paroxysmal force that raised these cliffs some two hundred feet. 
Leopold von Buch, that most determined advocate of the Eleva- 
tion theory of Volcanic Mountains, would have been satisfied 
that his theory alone could explain the formation of these as 
well as of the dome in Kilauea of which these cliffs were the 
crown. A longer stay at the crater, however, gave a more sat- 
isfactory explanation. The action in these fire lakes or pools, 
as has often been mentioned is very irregular and intermittent, 
often apparently ceasing on one side until the crust there is 
cool and hard; it then breaks out again from beneath this new 
crust turning it back like the lid of a box against the bank to 
which it may be soldered by the molten spatters, or, as is more 
frequently the case, the crust is raised en masse and where it 
touches the superincumbent cliff, carries this up with it and 
sometimes topples it over on to the outer part of the wall. In 
this way I believe the cliffs seen in the sketch, and the whole 
bottom of Kilauea, nearly three miles in diameter, have been 
floated up by degrees. If the action was constant the lava 
would break out along the edges of the swelling plain, as indeed 
it does when the inflow of lava is long continued, and the sur- 
face would become a general level by the accumulation of 
running lava in the lowest places. But in fact, after a certain 
amount of lava has flowed up through the throats whose posi- 
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tion is marked by the surface lakes just mentioned, enough it 
may be to raise the cool but somewhat flexible crust a few feet 
in the middle, the supply ceases; the liquid which has per- 
meated all the cracks and fissures in the overlying crustjas the 
lava on a larger scale injects 

dikes in the earth’s crust, cools 

and becomes solid, to be in turn 

raised by a new influx of lava 

from beneath. Each layer will, 

be thicker near the source and 

will thin out as the distance Diagram of elevation. 
therefrom increases, and this is 

what the cracks and chasms in the dome show so far as one can 
get into them. The successive layers are very irregular; one 
not far, perhaps two hundred feet from the outer lake, was six 
feet thick and contained on a rough estimate ten thousand cubic 
yards of vesicular lava; next to it was a layer not quite two feet 
thick and diminishing at a distance of two hundred yards to 
less than half a foot. 

After examining Kilauea by daylight, I procured lanterns 
and returned to the lakes about nightfall, traversing the bed of 
the crater while the daylight lasted. A guide (so-called) who 
was at the Voleano House, and who went with us that morn- 
ing, refused to descend after dark, and the hotel keeper put 
every obstacle in our way ; but I had often been there by night 
before, and my familiarity with the external action of this vol- 
cano made it quite safe to pass over any part of the terrible 
waste in the flickering, lurid light of the earth-fires, and it is 
only at night that the Halemaumau can be seen in all its splen- 
dor. In some respects also it is a safer journey by night than 
by day ; for example, on our way down we crossed a low dome 
which gave no signs of fire except a clinking sound and a slight 
bluish vapor common enough in the vicinity of the lakes; the 
ground was so hot, however, that we crossed it rapidly to save 
our shoes; on our return about midnight we found that our 
path had led over a mound wholly injected with a network of 
molten lava filling the cracks not two inches from the surface, 
and which, now plainly visible in the darkness, was a startling 
as well as a beautiful sight. In the daylight the hot lava looks 
like black tar, and I have several times had to pull my com- 
panions from the spot where they might be standing uncon- 
scious of the silent black monster which was almost biting their 
feet, for it was almost invisible on the equally black floor. 

In all of my previous visits the bank of the active pool had 
been at least twenty-five feet above the lava surface, but now 
we were able to approach the southeast lake nearly on a level 
and the effect was much grander than usual. I have spent at 
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various times as many as ten nights in the crater on the banks 
of this and other similar lakes, and have noticed blue and green 
flames playing over the cracks in the surface, but these seldom 
lasted longer than a few moments, and were not confined to any 
locality. Now, on the contrary, on the top of a huge hummock 
which seemed to have been broken from the bank, was a clus- 
ter of blow-holes from which escaped constantly a large volume 
of gas which burned with a bluish-green flame well shown in 
Mr. Furneaux’s painting of the lake made on this visit. These 
jets were burning in the morning, and twelve hours after their 
volume was apparently unaltered. The pressure evidently 
varied but slightly, and any increase in pressure did not seem 
to correspond to greater activity in the molten lava. With 
suitable apparatus it would have been possible to have collected 
this gas before it was consumed. Its escape caused a noise simi- 
lar to that of a steamboat blowing off steam. The mention of 
steam leads me to express a wish that those geologists who see 
in steam the prime cause of volcanic action, could have been 
here, and have studied an eruption of the Hawaiian volcanoes. 
A pailfull of water thrown into the southeast lake would have 
made more steam than was present all the time we stayed in 
the crater. It is difficult to mistake a steamy atmosphere for 
a very dry one, and then if steam was present in any quantity 
in the gaseous exhalations of Kilauea, the cold winds from 
Mauna Loa would soon precipitate it as rain, when in fact this 
is the dryest part of the island. 

The ancient Halemaumau or Everlasting House, where fires 
have been seen, or whence vapors have escaped from time im- 
memorial, was now replaced, I believe, by the four lakes which 
occupy the position of that single source. The guide and 
others insisted that the northeastern of the lakes was the Hale- 
maumau, and without renewing my survey, for which I did 
not have with me the necessary instruments, I could not posi- 
tively declare that they were wrong, but I sighted from two of 
my monuments left from 1865, and comparing with my notes 
of that survey on my return home, 1 found the Halemaumau 
of that day occupied a position nearly southwest of the present 
so-called Halemaumau, or in the midst of the present four 
lakes, so that no one of them is entitled exclusively to that 
name sacred to the ancient worshipers of Pele. 

Among other changes the southern sulphur bank had wholly 
disappeared, having been consumed by a local outbreak of lava 
which occurred a few months before our visit. The other de- 
posit of sulphur on the northern side near the hotel seemed 
smaller, and the impression conveyed was of a much smaller 
amount of sulphur in and around the crater than was found 
fifteen years before. None of the fine crystals so common 
then could be found now. 
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West of the crater on the Kau road, in the region called 
Umekahuna, are many small cracks which indicate plainly a 
general and extensive subsidence. Farther to the southwest 
was a long line of smoke or vapor extending, it may be, to Po- 
nahohoa, where Rev. William Ellis found* marks of a recent 
outflow in 1823. I had no time to follow the evident line of 
fissure, and I am not informed that any one has been able to 
do so since. In March, 1881, an eruption took place in the 
lateral crater on the southeast side of Kilauea called on my 
survey Kilauea iki, and properly so called, although popular 
authority gives this name to Poli a Keawe, leaving this curious 
pit nameless. The overflow was slight and filled the deep cra- 
ter about seventy-five feet from the bottom, leaving a glisten- 
ing, level surface marked with cracks. 

As the moon rose about midnight we started for the upper 
bank and the Volcano House. The brilliant moonlight of the 
tropics glittered on the metallic lava in cold contrast to the hot 
fire-light we had just left, and as the shadow of the high ledge 
fell across our path we had to walk warily and in single file to 
avoid the cracks our feeble lantern hardly indicated. Once on 
the path up the wall, we separated, and the most active got 
home half an hour before the last of the party. 

On the 29th of July, having in the meantime made the ascent 
of Mauna Loa, I returned to Kilauea. In the afternoon I went 
to the Kau bank, and while Mr. Furneaux sketched Kilauea 
from the West, I photographed the cliffs of Halemaumau, and 
then descending two of the gravelly terraces which form the 
border of the crater on this side, found myself on the brink of 


From Kau Bank—toward the East. 


a perpendicular cliff beneath which the lava was escaping from 
several openings situated on the lower edge of the dome. The 
action was curious, and although the heat was very great at 
this height of nearly one hundred feet, I managed to watch and 
sketch it for an hour. The noise here was peculiar; for in addi- 
tion to the clinking as of shivering glass, usually heard when 
this black and glassy lava cools, and the puffing or blowing 
common enough in the lava pools, there was a dull subterra- 
nean rumbling as of heavy machinery moving beneath the 
crater. It was the same noise I had heard during an earth- 


* A Tour through Hawaii. London, 182%, p. 203. 
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quake two days before at Stone’s Ranch many miles from 
Kilauea, and it was not unlike the sound of many looms in a 
cotton factory. Here there was no earthquake tremor although 
there is always in and about Kilauea a vibration of the ground 
very clearly seen when using a compass needle, but seldom 
noticed otherwise. 

The cliff where I watched was not over the lowest part of 
the crater, but was where the active pools approached nearest 
to the outer walls, for the dome has a very eccentric apex. The 
fluidity of the lava as it came to the surface was about that of 
cream. There is so far as I know no definite scale to-which we 
may refer various degrees of viscidity, and I am compelled to 
use homely comparisons which have the further disadvantage 
of being avariable standard. It was white-hot cream when it 
came out from under the crust, but in the distance of perhaps 
a foot had changed to a cherry red molasses, while a few feet 
more transformed the stream into dull red tar. By daylight 
the color ranges from that of arterial to venous blood, and 
thence to a slaty blue marking the loss of temperature by 
chromatic changes. At night all the moving portion is a 
bright red. <A single outlet of small dimensions made much 
noise blowing, although the gas expelled was invisible. The 

lava (A in the diagram) issued white- 
c \. hot, ran a few feet rapidly, then crusted 
over, retaining its red glow along the 
edges of the narrow conduit C. AtB 
there was a contraction and the flow 
stopped for a while; then the fountain 
A at A renewed the supply and the 
lava ran rapidly from the narrow outlet B, spreading in 
a broad, thin sheet which did not lose its color until it reached 
the point KE, while the original narrower and thicker stream 
had formed a crust and become black in less than a quarter of 
the distance. In places the lava met upward inclines, then the 
cooling but still flexible crust made a dam and carried the fluid 
part up and over a rise of some feet. The little lava spring 
was an epitome of a full lava flow and was more instructive 
than the immense fiery floods that from time to time break out 
from these voleanoes and flow for many miles. Later in the 
evening this insignificant flow became more active, covering 
twenty acres and giving more light than the lakes themselves. 

Over one of the steam cracks near the Volcano House on 
the northeastern bank, and in close proximity to what remained 
of the sulphur bank, had been built a very rude steam bath. 
A hut of ample dimensions, a box with a stool in it, and loose 
boards to fit around the neck of the bather, with a wooden 
sluice from the steam crack to the box and a slide to regulate 
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the admission of steam, constitute the entire apparatus. Seated 
in the box late that evening, in utter darkness, while the attend- 
ant had gone outside with the lantern to get a pail of cold 
water, I heard, in the stillness, sounds deep down in the steam 
crack, rumbling and hard noises totally unlike the soft hissing 
or sputtering of the steam. Fearing that my imagination lent 
strength if not being to these sounds, I went to a crack outside 
and, at the risk of pitching in head-first, listened carefully. The 
same noise was heard distinctly, not unlike that of an earth- 
quake, but feebler. 


Art. IIl.—Recent Explorations in the Wappinger Valley Lime- 
slone of Dutchess County, N. Y.; by W. B. Dwieur. 


No. 6.—Discovery of additional fossiliferous Potsdam Strata, 
and Pre-Potsdam Strata of the Olenellus group, near Pough- 
keepsie, N. Y. 


THE last one of the preceding papers of this series* 
announced the discovery of fossiliferous strata in arenaceous 
limestone of the Potsdam group on the Smiley farm, in the 
very outskirts of the city of Poughkeepsie; and also the ex- 


tension of these strata along a line of faulting with the slates 
of the Hudson River group, to a point on the river three miles 
south of the city. It was also stated that these strata form the 
western margin of a belt of limestone from 3000 to 6000 feet 
in width, which is here the most western of three parallel and 
contiguous limestone belts, separated by Hudson River shale ; 
and that there was no evidence in my possession to show how 
much of this breadth was occupied by the Potsdam, and how 
much possibly by Calciferous and Trenton rocks, except the 
presence of a single narrow ledge of fossiliferous Trenton on 
Kimlin’s farm very near the eastern edge of this belt. 

Further researches, during the spring of 1886, resulted in 
making known the presence of a proportionally large extent of 
Potsdam strata in this particular limestone belt, and in other 
localities in the more northern part of the county. A ledge of 
Potsdam containing Lingulepis pinniformis was found about a 
hundred feet east of the public road on the farm of R. J. Kim- 
lin, and a little north of his barn. This ledge lies only a short 
distance northwest of the Trenton ledge on Kimlin’s farm, 
previously mentioned, and whose exact position is indicated on 
the stratigraphic map of this locality published with my pre- 
ceding paper. The indications would point to a possible fault 
here between the Potsdam and Trenton. 


* This Journal, February, 1886. 
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A few days later, a very important outcrop of Potsdam, rich 
in fossils, was found on the Spackenkill Creek road, and in 
the same belt of limestone. This road runs nearly east and 
west, consequently crossing the belt; it is one mile and a half 
south of the fossiliferous locality at the Driving Park (Smiley’s 
farm). The fossiliferous Potsdam ledge is at the junction of 
the ‘spackenkill road with a short road leading to Varick’s 
farmhouse, and is about one mile east of the western edge of 
the belt, that is, of the line of fault between the Potsdam and 
Hudson River group previously described. It is thus situated 
near the eastern edge of this limestone belt. 

The distribution of these fossiliferous localities, as now 
known, suggests the probability that almost the entire breadth 
of this limestone belt (in most parts more than a mile), from 
its western margin nearly to its eastern margin, is Primordial 
rock; and this continuously southwest to the Hudson River, 
where it terminates with a river-front, oblique to its line of 
strike, of about one mile and a half, between Mallory’s Dock 
and the mouth of Casper Creek. The lithological features 
favor, rather than oppose this supposition. It also seems prob- 
able that the eastern edge of this primordial is a line of fault, 
parallel with the strike, against Trenton strata in some places, 
and perhaps the Hudson River shales in others; but more re- 
search will be needed to determine this. At one spot in this 
Spackenkill locality a thin layer was found crowded with 
well-defined fossils. These consist of excellent specimens of 
Lingulepis pinniformis and the kindred species as found at the 
Smiley farm, commingled with masses of glabellas, free cheeks 
and pygidia of two species of trilobites which I have not yet 
identified at the Smiley locality. These trilobites are species 
previously found by Mr. C. D. Walcott in Saratoga county, 
N. Y., and described by him (as Calciferous fossils,) in the 
Thirty-Second Annual Report of the New York State Museum 
of Natural History, under the names Conocephalites calcifera 
Walcott, and Bathyurus ornatus Billings. They are now how- 
ever, referred by Mr. Walcott to the Potsdam strata, and on 
page 21 of Bulletin 30, of the United States Geological Survey 
they are listed by him in the Saratoga Potsdam fauna under the 
names Ptychoparia calcifera, and P. Saratogensis; closely re- 
lated respectively to P. Wisconsensis and P. Oweni. The fact 
of the correlation of these Poughkeepsie strata with the Sara- 
toga County Potsdam is thus established. There is another 
locality of Potsdam rock along the summit of the most eastern 
one of these three belts of limestone in this vicinity. It was 
mentioned as a probable but not a certain fact, in a note to my 
preceding paper; but I feel now quite certain of the fact. It 
would appear as if thé Potsdam here presented a “strike-fault” 
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with the Trenton, a finely fossiliferous ledge of which closely 
adjoins it on the east side of the ridge. 

Later researches in the limestone more to the northward de- 
veloped an additional locality quite fossiliferous, and possessing 
some very interesting features. It is about half way between 
Pleasant Valley and Salt Point, and very near Schoolhouse 
No. 12, just at the point where a branch road from the main 
road towards Wappinger’s Creek, crosses the limestone ridge 
with a sharp turn to the north. Here, in the cut along the 
road and in Mr. Paul Flagler’s fields on either side of the road, 
ean be found excellent specimens of Lingulepis pinniformis, 
and of an interesting Obolella which is apparently a new spe- 
cies. Specimens found here are quite finely preserved. This 
locality is seven and a half miles northeast from Poughkeepsie, 
and about the same distance northerly from the Smiley locality. 
This ledge can be traced for half a mile or more to the north 
of the schoolhouse, though it has not shown fossils much in 
this direction; at Wallace’s quarry, however, a mile to the 
northeast, fossiliferous Potsdam again crops out at the eastern 
base of the high ledge of Trenton and Calciferous limestone 
close to the farmhouse. This increases very much the difficulty 
of solving the previously difficult problem of the stratigraphy 
of Wallace’s very interesting quarry. While my earlier ex- 
aminations of the limestone between Salt Point and Pleasant 
Valley have produced undisputable evidence of the presence 
there of Trenton strata, and of those which I have considered 
to belong to the Calciferous, it is now proved that the Potsdam 
is also present there; there are reasons for believing that it may 
be very extensively represented in this portion of the belt. 

The existence of Potsdam strata of at least the Saratoga 
County horizon, in considerable abundance, having been thus 
thoroughly established, the next point of inquiry which would 
naturally suggest itself, would be as to the possible presence 
also of pre-Potsdam beds. The width of the limestone belts 
where the Potsdam rocks have been found in conjunction with 
those of higher groups, is hardly great enough to lead one to 
expect to find lower strata; they would be likely to exist, if 
anywhere, along the margins of the Archzean mountains of the 
County, where the gneiss is overlain by quartzyte and lime- 
stone strata. 

On June 24, 1884, up to which date no paleontological evi- 
dence of strata even as low as the Potsdam had been found 
here, Mr. S. W. Ford and the writer made a short trip between 
two trains to the base of Stissing Mountain, seventeen miles 
northeast of Poughkeepsie. We desired to take a look at the 
quartzyte immediately overlying the gneiss, and which for strat- 
igraphic reasons solely, has long been supposed to be Potsdam 
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and which neither of us had ever seen. In the brief time at 
our disposal, and urder the depression of one of the hottest 
days of the season, we accomplished scarcely anything more 
than to lay the foundations for future explorations, by getting 
some, personal knowledge of the topography, and the most ac- 
cessible points along the rugged sides of this mountain. The 
quartzyte which we "had made our only objective point, we saw 
only where it was in very compact, homogeneous white masses, 
and in this, no fossils were found. 

During the last week of October and the first week of No- 
vember, 1886, Mr. C. D. Walcott and the writer made several 
joint trips of observation through some of the more interesting 
portions of the complicated stratigraphy of this eastern border 
of Dutchess County. We spent the first two days of Novem- 
ber in paleontological and stratigraphic examination of the 
strata overlying the gneiss at the southern end of Stissing 
Mountain. “The course which we took after arriving at the 
Stissingville railroad station, was to follow the valley road run- 
ning north for a short distance then taking a farm road which, 
leading westerly, passes along the slopes of the southern ex- 
tremity of the mountain. We thus traversed the following 
strata: leaving Hudson River shales at the railway station, we 
passed over a breadth of limestone, then of bright purple red 
shales, then, as we ascended the mountain flanks, another 
breadth of compact bluish limestone, then, at a higher level, 
quartzose rock, varying between very compact sandstone and 
quartzyte, and lastly the gneiss composing the bulk of the 
mountain. 

The compact white quartzyte in the more prominent ledges, 
as before, proved unfossiliferous; but as we struck away from 
the farm-road into the woods to the north, Mr. Walcott soon 
found loose fragments of less compact, ferruginous, decompos- 
ing, quartzose rock, completely filled with organic remains ; 
among these could be detected glabellas and spines of Olenellus 
with a species of brachiopod and other fossils. In a few min- 
utes we succeeded in finding this fossiliferous rock in place, 
showing its fossils, which had mostly been injured by the oxyda- 
tion of iron, in great abundance. Mr. Walcott soon returned 
to the ledges of the limestone which overlies the quartzyte, 
where it was exposed in the road, and by discovering there oper- 
cula of Hyolithellus micans, thus proved that it also belongs 
to the same horizon as the quartzose strata. 

Thus the question of the geological age of the quartzyte of 
Stissing Mountain, as also that at the base of Fishkill Mountain 
(which - we visited together immediately after leaving Stissing), 
after many years of uncertain speculation, has been solved ; 
and its solution covers also the knowledge of the age of the 
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immediately overlying limestone. The credit of the discoveries 
belongs chiefly to Mr. Walcott whose long and intimate ac- 
quaintance with the pre-Potsdam strata was of great service in 
the search. The fossils discovered have been identified by Mr. 
Walcott, so far as the present imperfect specimens will permit, 
as follows: 


( Olenellus asaphoides or Thomsoni ; prob- 
| ably the former; glabellas and cheek 
From the quartzyte:{ spines. 
Brachiopods, probably a Zriplesta and an 
Obolella, sp.? . 


Hyolithellus micans ; opercula, very 
well defined ; rather abundant. 


From the limestone over- 
Obolella sp.? 


lying the quartzyte, 


The strata containing these fossils appear to dip away from 
the axis of the mountain at a very low angle (from 6° to 10°). 
But the dip of the adjoining strata increases rapidly with the 
distance from the mountain, until it reaches the usual angle of 
the Wappinger Valley strata, that is, from 30° to 45°; and with 
the increasing dip, it also acquires the general northeast and 
southwest strike. The Olenellus quartzyte has an estimated 
thickness of about 160 feet; the Olenellus limestone, of about 
75 feet. 

Overlying the Olenellus limestone, there are about 60 feet of 
red shale, and over this about 300 feet of limestone which in 
turn is surrounded by the prevalent Hudson River shales of 
the valley. Our first impression was, that the red shale and 
the overlying limestone belonged also to the Olenellus group. 
But no evidence of this could be found in fossils. Sub- 
sequent study of the similar superposition of strata along the 
north edge of Fishkill Mountain convinced us that it would 
not be safe to adopt this view in the absence of paleontological 
evidence ; since the presumption would rather be that the red 
shales are of the Hudson River group, and the overlying lime- 
stones a post-Potsdam rock. 

Carrying on our observations for two miles to the southwest, 
on a line across the strike, we found the strata much faulted, 
and the quartzyte again brought to the surface. It will require 
a most careful and laborious search to determine the extent of 
these newly discovered strata, and their stratigraphic relations 
to the superior formations. 

The succession of strata in the eastern part of Dutchess 
County (and doubtless also of the entire county), as now prob- 
= made complete by these facts of Stissing Mountain, is as 
ollows: 
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1. The Archean of Stissing and Fishkill Mountains, and of 
other elevations. 

2. The Olenellus group (Georgia group of Vermont), of 
quartzose and limestone rocks at the base of the above named 
mountains. 

3. The Potsdam (or Upper Cambrian), well exposed at Salt 
Point, and a little southeast of Poughkeepsie. 

4. The Rochdale group (Calciferous?) This group with its 
unique set of numerous fossils, yet only very sey | described, 
is the one which in previous papers I have called the Calcifer- 
ous, because I consider it manifestly most closely related to 
what has been generally covered by that title. It is evident 
however that the ] proper limits of both of the terms “ Calcifer- 
ous” and ‘‘ Chazy ” (as also of the entirely vague title “ Quebec 
group,”) are undergoing severe review in the Tight of recent de- 
velopments, and that many fossils heretofore assigned to one, 
may be ultimately found to belong to the other. I have there- 
fore decided to designate these strata provisionally by the name 
of the locality where their fauna are most richly represented. 
It must not, however, be inferred that these are the only strata 
found at Rochdale, for at least the Trenton and the Hudson 
River strata are also well represented there. The rocks of the 
Rochdale group are apparently found everywhere in this lime- 
stone belt. 

6. The Trenton limestone, found richly fossiliferous at Wal- 
lace’s quarry, Salt Point, at Pleasant Valley, Rochdale, and 
Newburgh, and generally, in the Wappinger limestone. 

7. The Utica slate may also be present in the county, though 
the fossils found along the banks of the Hudson River and 
assigned to this group are thought by some experienced paleon- 
tologists to belong quite probably to the Hudson River group 
on the ground of having been actually found in several places 
mingled with organisms characteristic of the latter group. 
There are also strong stratigraphic reasons for doubt as to its 
presence here. 

8. The Hudson River shales, prevalent almost everywhere 
in Dutchess county. 

This review of the latest paleontological facts, makes it evi- 
dent that the strata in Dutchess County are simply the continu- 
ation of the strata characterizing the Taconic ‘and adjoining 
series lying northward. But while proving a grand unity, they 
indicate also an interesting and unexpected variety of rock- 
structure. ‘ 
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Art. IV.—Image Transference; by M: Carey Lea, Phila- 
delphia. 


By the term, Image Transference, I propose to denote cer- 
tain effects produced on sensitive films, effects curious in them- 
selves, and of interest in connection with the subjects of papers 
which have appeared in the May and June numbers of this 
Journal. 

In those investigations it was shown to be possible to take a 
film of a silver haloid—chloride, bromide or iodide, and after 
making marks upon it with sodium hypophosphite to obtain a 
development of these marks, precisely as if they had been im- 
pressed by light, but quite independently of any exposure to 
light. I now propose to show that it is possible to develop 
on a film of silver haloid a complete image—a print from a 
negative for example, without either exposing the silver haloid 
to light, or to the action of hypophosphite, or subjecting it to 
any treatment whatever, between the moment of its formation 
and that of its development. The film of silver haloid comes 
into existence with the image already impressed upon it. 

For this purpose almost any silver sait is selected ; citrate, 
benzoate, tartrate, pyrophosphate, ete., answer perfectly. (Some 
silver salts, the phosphate especially, undergo a slight reduction 
spontaneously in the dark ; these are less suitable.) A film of 
the silver salt selected is formed on paper by the ordinary meth- 
ods, and this is exposed under the negative to a few seconds of 
sunshine. 

The next step is to convert this film into one of silver chlo- 
ride or bromide, by plunging it for a few minutes into dilute 
acid. Ordinary hydrochloric acid may be diluted with six 
times, commercial hydrobromic with two or three times, its bulk 
of water; the exact strength is unimportant. After a short im- 
mersion, the acid is to be washed out, and it only remains to 
put the film, now consisting of silver haloid, into a ferro-oxa- 
late developer, when the image appears at once. The chloride or 
bromide of silver into which the salts above mentioned are rap- 
idly converted by the halogen acid, comes into existence with 
the image already impressed on it at the instant of its forma- 
tion. 

So that although the substance which received the image is 
completely broken up and destroyed, the image is not, but is 
transferred in all its details to the new film of silver haloid. 

It is therefore evident that the action of light on all silver 
salts that can thus transfer an image, must be similar in all its 
essentials to the action of light on the silver haloids. An im- 
portant conclusion follows, that all such silver salts must be 
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capable of forming subsalts, else the image could not be trans- 
ferred. In the case of most silver salts the existence of such 
subsalts has not before been recognized or even suspected; in- 
deed, if Iam not mistaken, the existence or such a subsalt of 
silver phosphate has been expressly denied. But the image 
formed by light on silver phosphate can be transferred, there- 
fore subphosphate must exist. 

These results have also a very direct bearing on the subject 
of one of my papers in the Jast number of this Journal, 
I there endeavored to show that the photo-salts of silver 
as obtained by purely chemical means are identical with the pro- 
ducts of the action of light on the silver haloids, both with 
the material of the latent image, and with the visible product 
of the continued action of light, or rather with the most char- 
acteristic constituent of that product. As respects this latter 
identity, I showed that although the brightly colored photo- 
chloride could not be obtained by the direct action of light on 
silver chloride, it could readily be formed indirectly by acting 
with light on other salts of silver, and treating the product with 
HCl. 

It might be argued that in this proof one link was wanting, 
viz: proof that ‘the photo-chloride obtained by the action of 
HC! on silver salts, other than chloride, exposed to light, was 
of the same nature as that obtained by the action of light di- 


ectly on silver chloride. The results above described supply 
that link, if it was needed, and show that the photo-chloride ob- 
tained by the action of HCl on silver salts, other than the 
chloride, exposed to light, has the same capacity for develop- 
ment as has the material of the latent image obtained on or: 
dinary silver chloride. 


But this proof itself may be thought liable to an objection. 
It may be said that as an image was : certainly impressed upon 
the original film, it is not completely proved that the halogen 
acid had anything to do with the ultimate production of a ‘de- 
veloped image. The objection would not be well taken, and 
the experiment may be varied to two ways, either of which 
eliminates it. 

Most silver salts are soluble in nitric acid. After applying 
the halogen acid, it may be washed off, and the paper may be 
placed in nitric acid until every trace of the original salt (sup- 
posing that any eae the action of the HCl or HBr) is re- 
moved, and until it is absolutely certain that nothing is left in 
the film but the silver haloid. When this is done, “the devel- 
opment, so far from being impeded, is rendered only the stronger 
and brighter. Certainly therefore the silver haloid is the essen- 
tial base of the development. 
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Another very decisive experiment may be made in this way. 
Paper prepared with tartrate, oxalate or almost any other salt of 
silver,is to be exposed for a minute or thereabouts to a strong 
light; (not under a negative). It is then taken into a dark room, 
and marks are made upon it either with a glass rod or a camel’s 
hair pencil dipped in dilute hydrochloric or hydrobromic acid. 
After letting the acid act for five or ten minutes, it is to be 
washed off, the paper plunged into nitric acid, and after again 
washing, it can be placed ina developing solution when the 
marks made will appear black on a white ground. This mode 
of operating gives a very convincing result. The vitric acid 
treatment may be omitted, but when this is done, the number 
of salts that can be used is more. limited. The four salts first 
above mentioned give good results, even without the nitric 
treatment, but some silver salts undergo a spontaneous change 
in the dark by keeping a short time, such that when they are 
placed in a developing solution (without exposure to light) they 
may blacken instantly all over. Silver tartrate is one of the 
best salts to operate with, though pyrophosphate, citrate, oxa- 
late and some others do almost equally well. Sulphate, anti- 
monio-tartrate, phosphate, nitrite and arsenite do not give good 
results, except with the nitric acid treatment. 

With a salt like tartrate or oxalate the experiment is very 
striking. The paper imbued with it is exposed to light over its 
whole surface, it is then taken to the dark room, and simply 
marked with dilute HCl or HBr and washed. Thrown into a 
developer, all the marks of the halogen acid quickly blacken, 
proving, first, that the effect of light is transferred from the one 
salt to the other; second, that the effect as transferred to the 
chloride or bromide is far more susceptible of development than 
it was in the original salt. It seems a not unreasonable expla- 
nation of this last-mentioned fact that the greater sensitiveness 
of the haloid compounds may depend on their power to com- 
bine with their own subsalts, so that the reduction may com- 
mence with the subsalt, and quickly extend from it to-the por- 
tion of normal salt with which it is combined; that on the other 
hand, other silver salts may not share this power of uniting 
with their subsalts, and are consequently more slowly and im- 
perfectly attacked by the developing solution. This explana- 
tion may or may not be correct, but seems not improbable. 


A curious fact incidentally presented itself in the course of 
this investigation: that when paper prepared with silver salts, 
other than the haloids, was exposed to light, and then marked 
with HCl, the effect of a short exposure, so far as development 
was concerned, was as great as that of along one. A piece of 
paper was prepared with a given salt by non-actinic light. It 
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was then placed between the leaves of a closed book with one 
end projecting. The book was then placed in the light (very 
faint sunshine), and the prepared paper was gradually drawn 
out so that different portions received progressive exposures 
from 400 seconds down to 3 seconds. A number of marks were 
made with HC! diluted, parallel to the end of the paper, so that 
to: each mark corresponded a different exposure from 3” to 
400”. The papers were then placed in nitric acid, washed and 
developed. These pieces are before me as I write, and it is im- 
possible to say by the appearances which portion received the 3 
seconds, which the 400. The marks are equal in strength on 
each paper from one end to the other. The salts used were: 
silver benzoate, tungstate, phosphate, pyrophosphate and tar- 
trate. The short exposure gave a sufficient basis for develop- 
ment, the longer effected nothing more. 


The object of this series of papers has been to offer a new 
explanation of the nature of the latent photographic image, and 
to show that it consists neither of the normal silver haloid 
physically modified, nor of a subsalt, but of a combination of 
normal salt and subsalt. That the subsalt loses in this way its 
weak resistance to reagents, and acquires stability, thus corre- 
sponding to the great stability of the latent image, which, 


though a reduction product, shows considerable resistance to 
even so powerful an oxidizer as nitric acid. 

Further, that this combination of normal salt and subsalt, 
which constitutes the material of the latent image, can be ob- 
tained by chemical means, and wholly without the aid of light. 
That the forms of these photosalts, as I have ventured to name 
them, which correspond to the material of the latent image are 
either colorless or nearly so, but that other forms, possessing 
beautiful and often intense coloration, also exist. With the 
chloride some of these brightly colored forms show a ready 
tendency to reproduce color, in some cases with well marked 
and beautiful tints. So that we have here an approach to the 
solution of the problem of obtaining images of objects in their 
natural colors from a quite new direction, and probably with 
better hopes of an eventual complete success than by any of 
the older methods. 


Philadelphia, May 17, 1887. 
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ArT. V.—WNotes on the Lower Carboniferous groups along the 
easterly side of the Appalachian area in Pennsylvania and the 
Virginias ; by JoHN J. STEVENSON, Prof. of Geology in the 
University of the City of New York. 


THE division of the Lower Carboniferous into Umbral and 
Vespertine, as made many years ago by the Professors Rogers, 
holds good along the easterly side of the Appalachian area cer- 
tainly into Tennessee. But these groups show notable varia- 
tions in thickness and in character of the rocks, not only along 
lines from southeast to northwest but also along the line of 
strike, or from northeast or north-northeast southwardly. The 
writer has had opportunity to study these variations somewhat 
in detail within the southern counties of Pennsylvania as well 
as in the southwestern part of Virginia beyond New River to 
the Tennessee line, and to some extent at widely separated 
localities in West Virginia. 

The Umbral within Pennsylvania is, for the most part, a 
mass of red shales and shaly sandstones and is so well shown 
as such in the Anthracite region that Prof. Lesley has renamed 
it the Mauch Chunk. Some thin beds of limestone, first seen 
near the Maryland line along easterly outcrops, increase west- 
wardly and become important at the last exposures under 
Chestnut ridge in Fayette County. But the thickness of the 
group diminishes as the limestone increases, being little more 
than 200 feet in Fayette,* whereas it is about 1100 feet in 
Fulton County. 

The Vespertine in central and south-central Pennsylvania 
shows sandstone and shales with occasional streaks of coal. 
The sandstones vary from fine-grained to moderately conglom- 
erate and the shales are irregular in thickness and character. 
The variations in thickness are not unlike those of the Umbral, 
the decrease being from somewhat more than 1300 feet in 
Huntington County (as determined by Prof. I. C. White) to not 
far from 400 feet in Fayette County. The topmost member of 
the group is a calcareous sandstone, the siliceous limestone, 
which first appears in Huntingdon County (White) and thick- 
ens toward the west. This is the “Ligonier paving stone,” 
much used in Pittsburgh and other cities. In the writer’s 
Pennsylvania reports, this is placed as a member of the Um- 
bral, but its relations are rather with the Vespertine. 


*The thickness given for Fayette county is barely half that assigned to the 
group in the writer’s report on the geology of that county. The writer is con- 
vinced that the upper portion belongs not to the Umbral but to the Lower or 
Conglomerate Coal Measures. 
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In comparing the Lower Carboniferous of southern Pennsyl- 
vania with that of southwestern Virginia, the great difference 
in conditions must not be overlooked. Owing to absence of 
faults within the Cumberland Valley of Pennsylvania (the 
same with the Great or Shenandoah Valley of Virginia) and to 
the presence of great folds on the westerly side of that valley, 
the first outlier of Lower Carboniferous rocks is on Licking 
Creek Mountain in Fulton County 33 miles from the ‘Ar- 
chean of South Mountain; the next is on the west side of the 
same county 8 or 9 miles farther west, and is separated by 
an interval of 30 miles from the next exposure on the border 
of Somerset county. 

But such is not the condition in southwest Virginia. The 
Draper Mountain fault in Pulaski County shows Umbral and 
Vespertine on the downthrow side at not more than 12 miles 
from the Blue Ridge Archean; the Price Mountain faults in 
Montgomery County show the same groups at not more than 
15 miles from the Archean; the Walker Mountain fault 
shows Umbral and Vespertine on its downthrow side from 
Smyth County to many miles beyond New River; while the 
Saltville fault* shows the Lower Carboniferous from the Ten- 
nessee line to the edge of Giles County. So there are good and 
extensive exposures, giving satisfactory sections at 12, 15, 21 
and 23 miles from the Archzean, while the outcrop on the side 
of the great coal-field is reached at barely 15 miles farther 
N.N.W. The line of the Saltville fault is very nearly equiv- 
alent to that of the most easterly outcrops in southern Penn- 
sylvania; and for purposes of comparison, it will be taken as 
such. 

The conditions observed in the easterly outliers within Penn- 
sylvania do not change rapidly toward the south. Prof. W. 
B. Rogers’s assistants obtained the following measurements 
near Westernport on the Potomac :+ 


Umbral. 


Shale and sandstones 
Limestone 


Vespertine. 
Siliceous limestone 
Sandstone and conglomerate- -- 200’ 


No very noteworthy change in the character of the rocks 
occurs until within 75 miles of the Tennessee line; for Brushy 


*For descriptions of these faults, see the writer’s paper in this Journal for 
April, 1887. 

+ Report on Geology of Virginia for 1839, p. 89 and 91. I have rearranged the 
section so as to throw the Siliceous limestone into the Vespertine, the Formation 
X ef Prof. Rogers, instead of leaving it in his Formation XI, the Umbral. 


Shale and sandstone.... 
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Mountain, on the northerly side of the Saltville fault, shows in 
Bland County the Umbral consisting of red shales and sand- 
stones, and the Vespertine made up of sandstones, shales and 
coal beds, with an impure siliceous limestone at the top. The 
Umbral has not much less thickness than in Bedford County of 
Pennsylvania, but the Vespertine is decidedly thinner. The 
same structure appears along the Walker Mountain exposure, 
and even in that north from Draper Mountain in Pulaski County 
where the siliceous limestone at the top of the Vespertine is 
distinctly shown in the railroad cutting at only 4 miles east 
from Max Meadows station. This is interesting, as the locality 
is but 12 miles from the Archzean, whereas in Pennsylvania 
this limestone is barely recognized in Huntingdon County at 40 
miles from the Archzan of South Mountain. 

The Umbral contains occasional streaks of coal in Pulaski 
and Bland Counties, but these are wholly unimportant. The 
especial economic interest of the Vespertine lies in its coal beds, 
which attain considerable importance near New River along 
the Walker and Price Mountain faults in Montgomery, Pulaski 
and Wythe Counties, as well as along the Saltville fault in 
Bland and Smyth Counties. These have been described by 
Rogers, Lesley, Fontaine and the writer, so that only an inci- 
dental reference to them is necessary here. Not less than seven 
or eight beds exist, but only three appear to become valuable. 
All are practically worthless except in the vicinity of New 
River, where a semi-bituminous coal is obtained, which is es- 
teemed for domestic use, despite the ash, which varies from 11 
to 39 per cent, as appears from the analyses published by Mr. 
A. 8. McCreath.* 

The fault of Walker Mountain quickly lessens beyond the 
westerly line of Wythe County and thence to Tennessee no 
Lower Carboniferous rocks are shown between the Saltville 
fault and the Archean. A great change in those rocks begins 
in Smyth County. The shales of the Umbral lose little of 
their thickness, but limestone appears toward the bottom and 
increases in thickness so rapidly that within 15 miles it has be- 
come the prominent feature of the group. Meanwhile the 
sandstone and shales of the Vespertine lose their importance ; 
the coal beds are reduced to mere streaks and the calcareous 
sandstone at the top becomes a calcareous shale or disappears. 
This changing condition continues until, at Mendota in Wash- 
ington County, about 15 miles from the Tennessee line, the 
Vespertine sandstones and shales have practically disappeared, 
while the Umbral limestones have increased vastly in thick- 
ness, though not at the expense of the shales. The section at 
Mendota is: 


* The Mineral Wealth of Virginia, &c., 1884, pp. 130-131. 
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Shales and sandstones with thin 
Limestones 
Limestones, cherty, Ww ith shales.... 655’ 


Vespertine. 
Concealed 


In coming northward from Tennessee, one finds much diffi- 
culty in attempting to draw a line between Umbral and Ves- 
pertine ; the writer in his memoirs on southwestern Virginia 
used the classification adopted for Tennessee by Prof. Safford. 
But there is no room for doubt to one coming southward ; for 
the Pennsylvania Vespertine is easily recognized in the coal- 
bearing series of Montgomery, Pulaski, Wythe, Bland and 
Smyth Counties of Virginia. One can follow this group along 
the side of the Saltville fault, as the thickness diminishes, unti] 
the whole mass of not less than 700 feet has its representative 
in the concealed «interval of the Mendota section, in which a 
thin bed of coal is said to exist. Whether or not any trace 
of this group remains at the Tennessee border could not be de- 
termined from the exposures. 

Northwestward, on lines of exposure bounding or within the 
great coal field, equally notable variations exist. Near the 
Pennsylvania border, the limestone of the Umbral increases in 
importance westward until under Chestnut ridge it is certainly 
one third of the whole mass, which is not far from 200 feet 
thick. The Vespertine, however, shows little change other 
than in thickness. Southward from the Pennsylvania line, the 
first measurement is that by Prof. I. O. White* in Monongalia 
eounty of West Virginia: the section in the gap of Cheat River 
through Chestnut ridge showing: 


Umbral. 
295’ to 300’ 
Limestone 95’ to 120’ 


Vespertine. 
Sandstones with siliceous limestone at the top..125' 


As the fold of Chestnut ridge decreases rapidly southward, the 
next measurement, also by Prof. White,+ was obtained in the 
gap made by the same river through Briery Mountain in Pres- 
ton County of West Virginia, at about 30 miles southeast from 
the other. This shows: 
* Proc. Amer. Phil. Soc., vol. xx. p. 484 to 488. 

: + The Virginias, July, 1882. I have re-arranged the sections so as to place the 
siliceous limestcne, 105 feet, at the top of the Vespertine. 
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Umbral. 


Vespertine. 
Sandstones with siliceous limestone on top 


But the writer found the Umbral shales absent from Rich 
Mountain in Randolph County, of West Virginia, where the 
Coal Measures rest directly on the limestone, which is more 
than 700 feet thick, inclusive of caleareous shale. A thin 
streak of coal occurs in the calcareous shales here opposite 
Beverly. 

All parts of the Lower Carboniferous increase greatly within 
a short distance southward from this locality, for in Pocahontas 
County, of West Virginia, Prof. J. B. Rogers obtained the fol- 
lowing measurement of Umbral on Greenbrier Mountain :* 


Sandstones and shales 1260’ 
Limestones and shales 
Red shales 


while the Vespertine is not far from 800 feet thick. The 
maximum thickness is attained here, for near New River, ac- 
cording to Prof. W. M. Fontaine’s measurements,+ the un- 
doubted Vespertine, to the top of the coal-bearing series, is 
barely 500 feet. The writer found the shales and sandstones of 
the Umbral about 900 feet thick at 15 or 20 miles beyond New 
River in West Virginia, where they show a few streaks of im- 
pure limestone. ‘Thence the many exposures amid the Clinch 
faults in Tazewell, Russell and Scott Counties, as well as those 
under the Stone Mountain anticlinal in Wise and Lee Counties 
of Virginia, show a constant decrease of Vespertine while the 
Umbral retains its importance, though with reduced thickness. 
The last examined exposure is in Pennington’s gap through 
Stone Mountain in Lee County, where the section is: 


Shales, sandstones and thin limestones 

Limestone and calcareous shale 

Cherty limestone and siliceous beds ......--. 2 
Reddish siliceous beds 


* Report on Geology of Virginia for 1839, p. 32. The absence of details makes 
it impossible to determine whether or not the Siliceous limestone is inc!uded in the 
Umbral, Formation XI. 

+ This Journal, Jan., 1877. 


Limestones and calcareous ....226' 
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If there be any Vespertine present, it is to be found in the 
lower part of the reddish siliceous beds. Whether or not any 
Vespertine exists in Tennessee cannot be determined in the 
present state of our knowledge. It is certain, however, that 
the group has thinned almost to nothing, if it have not wholly 
disappeared before the Tennessee border has been reached 
along these lines of outcrop. 

The Umbral of Pennsylvania, Maryland and the Virginias is 
equivalent to the Chester and St. Louis groups of the Mississippi 
Valley, and it may include the Keokuk ; while in the Vespertine 
must be sought the equivalents of the Burlington and possibly of 
the Kinderhook. Chester fossils are abundant in Pennsylvania 
and the Virginias in the upper part of the limestone; and that 
group was recognized in 1869 by Mr. F. B. Meek, during the 
examination of some fossils collected on Cheat River near the 
Pennsylvania line. St. Louis fossils are plentiful at many 
localities in central and southern West Virginia as well in 
southwestern Virginia. 

The facts thus far given seem to afford basis for some con- 
clusions respecting the geography of the Lower Carboniferous 
periods. 

The Vespertine shore-line lay somewhere within the present 
area of the Archean ; the subsidence was much more rapid in 
the northeastern part of the Appalachian gulf than it was fur- 
ther west or southwest, the rate gradually diminishing in those 
directions; for the 1300 or 1400 feet of Huntington County, 
Pennsylvania, becomes little more than 400 feet in Fayette 
County of the same State, and about 800 feet in the extreme 
southeasterly exposures within Virginia beyond New River; 
and these are much nearer the old shore-line than are those 
showing the great mass in southern -Pennsylvania. Low or 
marshy land reached westward for a long distance from the 
Blue Ridge, as well as southward from the northerly shore-line 
in New York; for thin streaks of coal occur at several hori- 
zons within the sandstones of Bedford County, Penn., at 50 
miles from the Archzean, while near the New River and its 
tributaries there are great beds in Virginia at 25 miles and, 
according to Fontaine, in West Virginia at 50 miles, from the 
Blue Ridge Archean. 

The whole area under consideration was a region of shallows, 
except perhaps the extreme southwest corner of Virginia, for 
no limestone bed occurs except at the top where the Siliceous 
limestone ends the column. This is first seen, and very thin, 
on the easterly side of the Broad Top basin in Fulton and 
Huntington Counties of Pennsylvania at 40 miles from the 
Archean; whereas in Virginia it is shown equally thick within 
12 miles of the Archean on the northerly side of the Draper 
Mountain fault. 
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Along the easterly outcrop in southern Pennsylvania this 
group is not merely very thick, but it contains course sand- 
stones with not a few beds of conglomerate. But westward and 
southwestward to southward, the beds become less coarse, the 
conglomerates practically disappear and the group is repre- 
sented even in the Draper Mountain area almost wholly by fine 
grained sandstones interstratified with shales. The variations 
in thickness along definite lines are probably not so great as 
the measurements at various points appear to suggest; on the 
contrary, a comparison suggests that the changes along the 
southeasterly border were not abrupt until considerably beyond 
New River. In Smyth County, of Virginia, the change begins, 
and thence the group thins out so rapidly that it is recognized 
only with doubt in Washington and Lee Counties, and its exist- 
ence in Tennessee is at least questionable. 

These conditions appear to show that the land area at the 
east was narrower in southern Virginia than in Pennsylvania 
and at the same time less elevated; that the streams were 
shorter and had less rapid fall, so that the detritus brought 
down by them was less in amount as well as less coarse. It is 
worth noting that the variations of this detrital group are very 
like those of the upper Devonian. 

Throughout the Umbral, that part of the Appalachian gulf 
lying within the present boundaries of Pennsylvania, was prac- 
tically shallows throughout, except for brief epochs, during 
which thin limestones were deposited. The easterly shore-line 
in Pennsylvania and Virginia lay along the Blue Ridge, as dur- 
ing the Vespertine, but doubtless much farther toward the 
southeast; for in the most easterly areas spared by erosion, 
those in the Anthracite region of Pennsylvania and those in 
Montgomery and Pulaski Counties of Virginia, the Umbral 
rocks are fine clayey shales or argillaceous sandstones and clay 
beds, which contrast sharply with the well marked and often 
conglomerate sandstones of the Vespertine in Pennsylvania. 
No limestone is shown in Virginia along the Walker or the 
Saltville fault eastward or northeastward from the line of 
Smyth County; nor is any seen in northern Virginia, aside 
from petty streaks, east from the North Fork of the Potomac 
River. 

The Umbral limestone is shown in Fayette County, of Penn- 
sylvania, as well as in the adjoining county, Monongalia, in 
West Virginia. It can be followed along an almost continuous 
outcrop through Preston, Tucker, Randolph, Pocahontas, 
Greenbrier, Monroe and Mercer Counties, of West Virginia, 
into Tazewell, Smyth and Washington Counties, of Virginia. 
The mass increases along these outcrops from a few feet in 
Fayette County, of Pennsylvania, to more than 2100 feet in 
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Washington County, of Virginia. This space of limestone and 
calcareous shale marks the course of deep water during the 
long early part of the Umbral, which seems to be represented 
by very little material of any sort in the greater part of Penn- 
sylvania. 

The limits of this area appear to be well-defined in south- 
western Virginia. Eastward the great mass of limestone and 
calcareous shale disappears within 8 or 9 miles, for not a bit of 
it was seen along the Walker Mountain fault, nor is there any 
along the Saltville fault in Bland County. At 50 miles to- 
ward the west, in Pennington’s gap through Stone Mountain, 
the whole thickness of calcareous beds is barely 400 feet, and 
a great part of that hardly deserves the name of calcareous 
shale. This certainly indicates a shore not far away in Ken- 
tucky, and leads at once to the conclusion that the Appalachian 
gulf was greatly narrowed along the present southern line of 
Virginia. The area of deep water extended almost north and 
south until near the southern boundary of Virginia, where it 
was turned slightly toward the southwest, and there its width 
could not have exceeded 75 miles. Its direction was more 
nearly coincident with that of the Cincinnati axis than with 
that of the Blue Ridge region. 

The Lower Carboniferous was closed by a gradual silting up 
of the gulf, a preparation for the Upper Carboniferous. 
Throughout the whole area of Pennsylvania, Maryland, West 
Virginia and Virginia, this upper division of the Umbral is a 
mass of shales and sandstones with rare and thin streaks of im- 
pure limestone in the more westerly portions ofthe area. In 
many localities the passage from the Lower to the Upper Car- 
boniferous is indefinite, as the lower plate of the Quinnimont 
group or Lower Coal Measures is absent; but for the most part 
the plane of separation between the two divisions of the Age is 
sufficiently distinct. 


ArT. VI.—The Theory of the Wind Vane; by GrorGE E. 
CURTIS. 


THE common weather-cock, or wind-vane, is no doubt the 
oldest, as well as the simplest, of meteorological instruments. 
In its earliest use, as a popular indicator of the weather, 
erected at the summit of a flag staff or a church tower, or, in 
New England, forming the usual apex of the town liberty pole, 
the vane assumed the form of a cock, a fish, a trumpeter, or 
other ornamental device; but, with its application to accurate 
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meteorological observations, these forms were replaced by sim- 
ple plane plates, discs, or arrows, designed solely with regard to 
the mechanical action of the wind upon them. 

The form in general use at present is that of an arrow with 
a double or spread tail. The first reference I find to the con- 
struction of a vane of this design is by the elder Parrot, 
(Voigt’s Magazin, i, 1797). In order to diminish the contin- 
ual oscillations to which the vane is subject during variable 
winds, he made a vane of two thin plates joined at one end at 
an angle of about 45°. This was used by the younger Parrot, in 
his well known expedition to the Caucasus in 1811, with 
Engeihardt. Similar vanes were soon introduced in other 
countries, and by 1840 were in common use by English 
meteorologists. With respect to the advantages of their use, 
Jelinek, writing in 1850, makes the following statement: “The 
English seek to obviate the disadvantages of the complete rota- 
tions by making the vane of two plane surfaces set at an angle 
to each other of generally about 224°. They say that thereby 
the oscillations are smaller, and the complete rotations less fre- 
quent.” Stating that experience shows this to be true, Jelinek 
adopted the same form for a self-recording anemoscope, de- 
signed as an improvement on that constructed for the Austrian 
meteorological service by Dr. Kreil in the preceding year, which, 
consisting of a single plane circular plate, had occasioned much 
difficulty by its frequent complete rotations. 

While the spread vane has thus grown in favor, the angle of 
the wings has gradually been reduced. Starting with an angle 
of 45°, as made by Parrot in 1800, the angle in 1850 was gen- 
erally 224°, and at present even a smaller angle is frequently 
used. In practice the surfaces are made with a slight curvature, 
so that the actual angle made by their tangents increases from 
zero at the vertex, to 30°, or more, at their extremities. Voigt’s 
Magazin, in which Parrot’s description of his vane appeared, is 
not accessible to me, and his reasons for adopting 45° are not 
given by reviewers. Similarly, I have found no explanation 
of the reason for adopting any of the smaller angles subse- 
quently used. The following analysis has therefore been 
made, in order to find definitely what advantages the spread 
vane possesses, as compared with a straight vane of the same 
length and shape, and at what angle the wings should be set 
to secure the greatest efficiency. 

The wind vane, its surfaces assumed to be plane, is a case of 
a body immersed in a fluid current, whose resultant pressure is 
normal to the exposed surface, and proportional to some func- 
tion of the angle of incidence. Ifa be the angle between the 
surface normal and the perpendicular to the direction of the 
current, the old theory of the resistance of fluids made the re- 
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sultant normal pressure upon the surface proportional to sina. 
This was based upon the theory that the amount of fluid im- 
pinging on a unit of surface is proportional to sina, and the 
normal component of pressure exerted also proportional to sin 
a: or again, the velocity of the fluid resolved perpendicularly 
to the surface being v sin a, the resultant force exerted against 
the surface must be proportional to v’*sin’a. But all this 
reasoning is now known to be worthless. Experiment shows 
that the resistance is much more nearly proportional to the sin a 
than to its square. Colonel Duchemin* was one of the first to 
give a more accurate formula based upon the results of experi- 
ments. He found that the pressure on a plane moving 
obliquely in a fluid may be represented by the following em- 
pirical formula 
var, 
1+ sin’a@ 

in which P is the resistance to a plane moving normally. Later 
experiments, made for the London Aeronautical Society in 1872, 
indicate that for large values of a the observations would be 
better satisfied by making the denominator 1+sina@ instead of 
1+sin’a. This change has also received a theoretical confirma- 
tion. By the analytical method of Kirchhoff and Helmholtz, 
Lord Rayleigh has derived a formula for the case of a blade- 


shaped surface which makes the pressure per unit of area 


pv. For small values of @ neither of these formule 
4+7sIn@ 

differ much from sin a, and for the purposes of this paper it will 
be assumed that this latter relation holds good: therefore the 
normal pressure on the surface of the vane tending to produce 
rotation will be proportional to the sine of the angle between 
the surface and the wind direction. 

Let (1+-7)P be the total effective pressure on a straight vane 
when at right angles to the wind, where n takes account of the 
diminution of pressure on the sheltered side. The value of n 
varies with the angle of obliquity in some ratio not yet fully 
known, but, for its first approximation may be assumed, like 
the pressure on the exposed surface, to be proportional to the 
sine. On these assumptions the gyratory force tending to 
restore the equilibrium of the vane will be, for an angle @ be- 
tween the vane and the wind direction, proportional to (l+n)P 
sin 0. 

For a spread vane, let e be half the angle between the two 
wings and @ the angle between the medial line of the vane and 
the wind direction. If @ be less than e, the wind will act on 


* Duchemin: Recherches experimentales sur les lois de la resistance des fluides, 
Paris, 1842. 
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both wings in opposite directions, but when @ is equal to or 
greater than e¢, the wind will strike only one wing as in the case 
of a straight vane. Therefore, to obtain a measure of relative 
sensitiveness, we must compare the gyratory force acting in 
each of these two cases with the corresponding force acting on 
a straight vane. For simplicity, suppose the air between the 
wings to be unaffected by the wind, as would be the case if the 
space were entirely enclosed. 

1. When @<¢e. The gyratory force is proportional to 
P{sin(e+0)—sin(e—0)|]=P sin @. 2 cos ¢, in which, for all ordin- 
ary angles of the wings, 2 cos e may be put equal to1‘9. To 
compare this expression with Psin@(1+n7), the expression 
above given for the corresponding gyratory force acting 
upon a straight vane, we must know the approximate value 
of n, which varies with the size and shape of the plate. Ex- 
periments on normal planes of small size give values of n 
ranging from 0°2 to 0°86; for surfaces as large as ordinary 
wind vanes, the upper limit of x can hardly be as great as 
05 and probably is less, With this value, the ratio of the 
gyratory force acting on the straight vane to that acting on 
the spread vane, when @ <e, is 

1°5:1°9 

2. When 6= or>«e. The wind strikes the exposed surface at 
an angle 0+e and passes the sheltered surface at an angle 0—e. 

The total gyratory force, therefore, will be 

P sin (@+¢)+nP sin (0—e). 

Comparing this expression with Psin#+nPsin 6, the 
corresponding gyratory force upon a straight vane, the first 
term is seen to be larger, and the second term smaller, than the 
respective terms of the latter formula. 

If 05, the maximum value of n, be substituted in these 
formule, the difference between the two forces will be 

u=4 sin e cos 0—$(1—cos sin 8, 
which is the excess of the force upon the spread vane over that 
upon the straight vane. For all values of ¢ less than 41°4 this 
excess is positive and has its greatest* value when 0=e¢; with 
the increase of 0, the excess diminishes and becomes 0 at differ- 
ent points depending on the value of ¢, thus 

for €=10°° the excess vanishes for 6=75°°3 

€—20° 

é=30° 

€=41°4 

* By an analytical investigation of the nature of w considered as a function of 
the two independent variables, 4 and ¢, it appears that this function has no 
critical value for ranges of ¢ and @ between 0° and 90°; but the greatest positive 
value of w (not a critical value) will occur when 0=e, the limiting value of 6 under 
the present case. 
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For a smaller value of n, the excess would vanish at larger 
values of @. 

Consequently, for all moderate values of e and @ when @ <e, 
as well as when @ <e, the gyratory force acting on the spread 
vane is greater than that on the straight vane. 

If a perfectly sensitive vane be defined as one that instantly 
responds to the slightest change in the direction of the wind, 
that vane upon which the winds exert the greatest gyratory 
force will be the most sensitive, supposing the vanes all have 
the same friction. The increased sensitiveness accruing to the 
spread vane from its greater gyratory force is diminished and, 
for large values of e, may be quite overcome by its greater lat- 
eral friction, due to that component of the wind pressure which 
passes through the axis transversely. This component is pro- 
portional to sin’¢, nearly, and so its effect, which is small and 
negligible for small values of e, increases rapidly and becomes 
an important factor for values of e greater than 20° or 25°. 
This lateral friction, therefore, constitutes a condition requiring 
the angle between the wings to be small. A further indication 
as to the angle at which the wings should be set for maximun 
sensitiveness is found by an analysis of the expressions given 
above for the gyratory force. 

1. When e= >@. Place se=6+a; then 

2 sin cos e=2 sin cos (6+a). 

Noting that (?+a) must always lie in the first quadrant, this 
expression has its greatest value when a=0, i. e. when the half 
angle of the wings is not larger than the angle of the wind’s 
deviation. 

2. When <0. the expression for gyratory 
force, sin (0+¢)+-7 sin (@—e), to find a critical value, it appears 


1— 
that the function is a maximum when tan =i, cot 6. 


Making n=4 as before, tane=}cot For all values of 6 up 
to 30°, this makes the corresponding value of ¢ to be greater 
than 0, which for the present case is an impossible value ; but 
for this range of 6, from 6° to 380°, the greatest value of the 
function (not a critical va lue) will occur when e=@. For val- 
ues of @ above 30°, the value of e giving a maximum dimin- 
ishes downward from 30° , and for “8=90 becomes 0. Conse: 
quently the best values for e for deviation of the wind below 
30° will hold good also for deviations greater than 30°. The 
conclusion, therefore, is that, for maximum sensitiveness, the 
half angle of the wings should be the average angle through 
which the wind makes sudden deviations, this average being 
taken from 0 to 30°. 

The question of the relative stability of a spread and straight 
vane remains to be discussed. That the continual oscillations 
of the wind vane are diminished, was the advantage claimed 


G. EF. Curtis—Theory of the Wind Vane. 49 


by Parrot for his spread vane, and has been the justified claim 
of his followers. Given two vanes of the same moment of 
inertia, for slowly shifting winds, the oscillations of the spread 
vane will be smaller than those of a straight vane, for, being 
more sensitive, it responds more quickly to any gradual change 
in wind direction, and, therefore, has a less amplitude of oscil- 
lation, and will sooner come to rest. When the wind suddenly 
changes direction through a considerable angle, the straight 
and spread vanes start out with the same angle of deviation 
from the new direction. The following analysis shows that, in 
this case also, the spread vane comes 
sooner to rest. If wv be the velocity 
of the wind, 7 a constant depending 
on the length of the vane, @ the angle 
between the direction of the wind and 
the axis of a straight vane, the result- 
ant relative velocity, R, of the wind 
and the vane will be the third side of 
a triangle of which two sides are the 
velocities of the wind and vane, and 
90°—6, their included angle. 


dé . d0\? db, 
Whence R’=v’+2v ry sin ‘= being negative or 


positive, according as the motion of the vane is with or against 
the wind. This resultant makes an angle g with the vane such 


that 
dO 
R sin p=v sin 4 +1 


R cos p=v cos 6; 
The effective force tending to turn the vane, which is pro- 


portional to v*sin @ when the vane is at rest, becomes R’ sin g 
when the vane isin motion. Considering the motion when @ and 


4 are so small that we may neglect the square of S and the 


dt 
product, sin 


0 
R’ becomes v’, and sin g= sin 


Whence sin p=v'(sin 
v dt 

Let I be the moment of inertia of the vane around its axis, 
p the air density, A the surface of the vane, £(P) the pressure 
of a wind of unit velocity on a unit surface under a standard 
density of the air p,, and r the distance of the point of applica- 

Am. Jour. Scr.—Tutrp Surizs, Vou. XXXIV, No. 199.—JuLy, 1887, 
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tion of P from the axis. Then the differential equation of 
motion for,a straight vane will be 


( dt] 
> 


When @ is small, sin @ may be replaced by @, and simplify- 
ing the constants by making Kv’=w*, and Krv=2k the equa- 
tion becomes 

+ 2k — 76=0. 
dt? dt 


This is the equation of a circular pendulum in a resisting 
medium where the resistance varies as the velocity. The gen- 
eral integral of this equation takes three forms according as 
k’—w” is positive, negative, or vanishes; a numerical evalua- 
tion shows that it is alw ays negative, for which case, the inte- 
gral becomes 
cos At + sin ht 
h ) 
where a is the greatest value of @ and h?’=a’—2’. 
For a spread vane, where the half angle of the wings is greater 
than the deviation of the wind, the wind acts on both wings at 
once in opposite directions, and the resultant pressure will be 


¢ dv 
sin (€+46) + +22 sin (e—6 


in which a is to be taken with opposite signs in the two terms, 


and the expression reduces to 


Using the same notation as in the ites case, and making 
2 cos e=1°9, which is approximately true for all ordinary cases, 
we have the equation 


26 6 


dt’ 
—2kh ok. 
6=ae cos ht+ —sinht 
{ h “ys 

at = Qa. h, Ue 

6 27 

=0, when ¢=0, ‘= — etc. 


7 


G. E. Curtis—Theory of the Wind Vane. 51 


Substituting these values of ¢in the preceding equation for 0, 
the amplitudes of vibration become successively 

—4k 

Similarly, the amplitudes of vibration of a straight vane are, 

successively, 

—k 


To determine the relative magnitude of the oscillation in 


2k 
these two cases, let us substitute for 7 and i their original val- 
ues, 
Qh Kr 
k Kr 


/4K—Kr* 

If it be desired to take account of the diminution of pressure 
on the sheltered side of the straight vane, the value of K is 
not the same for both vanes, but will become so by multiplying 
K in the equations of the straight vane by the factor 1+n. 

K-Ky 
1+n 


For all possi- 


& 
Making this correction, 


2k k 
ble values of n, 
amplitude of oscillation of the spread vane will be less than 
that of the straight vane, and so the former will sooner come to 
rest. 

This difference in amplitude of oscillation is least when K’r’ 
is negligible in comparison with 1°9K, in which case the differ- 
ence between the amplitudes of oscillation is determined by 


and, consequently, at any time ¢, the 


the ratio VA oe : 4/1°9 as exponential factors in the expres- 


sion for the amplitude. This difference is increased by the 
term K’r’, x and K being constants depending on the length 
and surface of the vane. 

The formule, therefore, show Ist, that the oscillations of both 
vanes are smaller as the vanes are longer and larger ; 2d, that the 
spread vane ts always more stable than the straight vane ; and 3d, 
that this advantage in stability is greater for long vanes than for 
short vanes, and is independent of the wind velocity. 
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The above analysis obtains for a frictionless bearing. From 
the discussion of relative sensitiveness, we have found that 
with equal friction, a spread vane is more sensitive than a sim- 
ilar straight vane; consequently, for two vanes of equal sensi- 
tiveness, the spread vane will have the greater friction and will 
come to rest more quickly. 


Art. VII.—On the manner of Deposit of the Glacial Drift; by 
O. Hay. ‘ 


THE events of the “Great Ice Age,” that period of the 
earth’s history during which the deposits known as_ the 
“Drift” were scattered over a great portion of the Northern 
Hemisphere, have left many problems to perplex and to 
reward geologists, physicists, and astronomers. Some of these 
problems have already been solved; many yet await solution. 
That the principal agent concerned in performing this vast 
work was glacial ice; that its general direction of movement 
was from the north toward the south; and that it bore along 
with it, often from very distant localities, the materials of the 
Drift, are conclusions that are now pretty generally conceded. 
A problem whose solution has not yet been effected, is that 
relating to the manner in which the great glacial ice-sheet has 
deposited upon the older rocks its burden of materials that it 
had wrested from the strata and mountains farther north. 
There seems by no means to have been any dearth of theories 
on the subject, but none of them have been able to command 
general assent. 

Prof. J. D. Dana has held the view that the materials of the 
drift were gathered up during the Glacial period, and for the 
most part deposited by the melting of the ice during the Cham- 
plain. His language is as follows: 


“The earlier part of the Champlain period was the era of the 
melting of the great glacier and of most local glaciers . . . . and 
of the deposition of the sand and gravel of the glacier, except 
the relatively small part which had been earlier dropped,” etc.— 
Manual, 1876, p. 542. 


Prof. James Geikie appears to adopt the hypothesis that the 
Drift deposits accumulated under the glacier, but I am not 
aware that he has anywhere attempted to tell us how. His 
language in various passages seems to imply that these mate- 
rials thus lying beneath the glacier were either constantly 
being pushed along or, at least, liable thus to be acted upon by 


i 
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the moving ice. Dr. Archibald Geikie evidently holds similar 
views. He says: 


“Underneath the great ice-sheet, and perhaps partly incorpo-, 
rated in the lower portions of the ice, there accumulated a mass of 
earthy, sandy, and stony matter (till, bowlder-clay, ‘ grund-mo- 
rine,’ moraine-profonde, older diluvium’) which, pushed along and 
ground up, was the material wherewith the characteristic flowing 
outlines and smoothed striated surfaces were produced.”— Tezt- 
book of Geology, Ed. 1885, p. 894. 


Again in a foot note on the same page, he says: 


“Tt is difficult to explain by any known glacial operation, the 
accumulation of such deep masses of detritus below a sheet of 
moving land ice. Another problem is presented by the occa- 
sional and sometimes extensive preservation of undisturbed loose 
pre-glacial deposits under the till. The way in which the Forest- 
bed group has escaped for so wide a space under the Cromer 
cliffs with their proofs of enormous ice movement, is a remarkable 
example.” 


In our own country Profs. J. S. Newberry and N. H. Win- 
chell have been most explicit in the enunciation of their views 
on this subject. Both are oppressed with the difficulties that 
lie in the way of understanding how the till can have accumu- 
lated under the moving glacier. The latter (Pop. Sci. Monthly, 
1873, 293), puts forward the proposition that through the 
action of winds bearing dust and through the melting of the 
upper surface of the glacier, the materials now constituting the 
Drift accumulated on the surface of the ice sheet, and were 
either carried forward to the terminal edge and deposited there 
or, on the decay of the glacier, let down quietly on the rocky 
surface below. He has more recently re-affirmed these views 
(this Journal, 1881, 858), in calling attention to some of Capt. 
Dall’s observations made on the coast of Alaska. There has 
been discovered in that region a sheet of ice of unknown ex- 
tent and great thickness, that bears on its surface a thin soil, in 
which there is found growing in some places a rather Juxuriant 
forest vegetation. In holes in this soil and in the underlying 
ice, there occur, besides decaying animal and vegetable matter, 
the bones of mammoths, buffaloes, etc.; and from these we 
may judge of the vast age of this stratum of ice. This is 
regarded by Prof. N. H. Winchell as being a “fossil glacier,” 
the counterpart of which once spread over a considerable por- 
tion of our Northern States. 

Prof. J. S. Newberry, in the volumes of the Geological Sur- 
vey of Ohio, and elsewhere, insists strongly that the Drift 
materials could have accumulated neither on the surface of the 
great glacier, nor in any considerable thickness beneath it ; 
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but that they were carried along in and under the glacier, and 
finally deposited as a terminal moraine, which, by the slow 
retreat of the glacier to the north, at length became a continu- 
ous sheet. 

That wind, blowing for long ages over the glacier from the 
region lying to the south and west, may have deposited on it 
more or less dust; and that superficial melting may have 
brought some coarser materials to the surface, are suppositions 
that are entirely probable. The “shearing action” of the moving 
glacier may also, as H. Carville Lewis has recently shown us, 
have brought a certain amount of sand, gravel and bowlders 
from the lower portions of the glacier to the surface. But all 
these agencies combined probably did not result in producing 
any considerable superficial deposit. We cannot calculate on 
the dust with any confidence. Moreover, when once a thin 
covering of debris, from whatever source, had accumulated over 
the ice, it would protect this from further melting, and thus cut 
off one important source of addition. The intestinal motion of 
the glacier, too, would in all probability contribute little mate- 
rials, on account of the sluggish movement of the glacial mass 
as awhole. As regards Capt. Dall’s fossil ice-sheet, it cannot, in 
all probability, have any motion now, or have had any since 
the days of the mammoth; otherwise all those fossil bones 
would long ago have been shot out into the Arctic Ocean. 

Against the theory that the bowlder-clay accumulated under 
the glacial sheet, Prof. Newberry makes protest on the ground 
that the underlying rocks show that the ice was in close con- 
tact with them, being separated from them by, at most, a thin 
stratum of sand and gravel. He says: 


“Tt did not accumulate beneath the glacier, because the rock 
surface on which it rests, is planed down, grooved and carved, as 
it could only be when the ice fitted closely to it; and since two 
solid bodies cannot occupy the same space at the same time, the 
clay could only have accumulated in the places where it is found, 
after, or as, they were abandoned by the ice.”— Geol. Sur. Ohio, 
vol. iii, 34.” 

Again (Geol. Sur. Ohio, vol. ii, 29): 

“That the bowlder clay was not deposited beneath the glacier, 
as sometimes stated, is apparent from the fact that it covers the 
glaciated surface on which the ice rested, in a sheet sometimes ¢ 
hundred feet in thickness. J¢ must, therefore, have accumulated 
at the margin of the glacier.” 

To these arguments it seems to me sufficient to reply that it 
is not necessary for us to suppose that, in order to produce all 
the observed effects on the underlying rocks, the ice-sheet con- 
tinued to move over and in immediate contact with them dur- 
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ing the whole Glacial period. At the beginning of that period 
the ice with its enclosed bowlders and sand, did undoubtedly 
pass over the old surface and plane it down and groove it; but 
later there may have intervened between the glacial ice and 
this eroded surface a greater or less thickness of bowlder clay. 
Of course, some trouble may be experienced in comprehending 
how great glaciers thousands of feet in thickness and exerting 
a downward pressure of probably 50,000 pounds to the square 
foot* and containing sand, gravel and bowlders could move 
over deposits of bowlder clay, and instead of eroding them, con- 
tinue to make additions to them. 

This and many other difficulties have arisen from pushing 
too far the usually good practice of interpreting the events of 
the past by what we see occurring in our own day. At the 
present, we are acquainted with no glaciers except such as flow 
down steep inclines and terminate on such inclines either by 
melting or breaking off in the sea. On the other hand, the 
glaciers that deposited the Drift materials of the Western States: 
after descending from the elevated regions of Canada, deployed 
out on nearly level plains for hundreds of miles. It is quite 
improbable that such a glacier would erode its bed and deposit 
its detritus in the same way that a Swiss glacier does. We 
could, perhaps, determine as correctly the eroding, transporting 
and depositing effects of running water by studying a roaring 
Alpine brook, as we can judge of the phenomena that attended 
the movements of the ancient ice-sheet by studying the Mer de 
Glace. But we know that the stream that in one part of its 
descent wears away the hardest rocks and bears along with it 
in its impetuous course, gravel and stones, may in its lower 
reaches, deposit the most impalpable sediments, and move so 
gently as not to disturb the most delicate leaf that may have 
fallen on its bed. 

In like manner, as the glaciers of the Ice Age descended 
from the Laurentian Mountains and ploughed through the nar- 
row channels now occupied by the Great Lakes, their eroding 
action was incessant and irresistible; but when those great 
streams of ice were spread out over Ohio, Indiana and Illinois, 
they became far less destructive. But even here, and how- 
ever slow the motion, the underlying deposits were in most 
places worn away. But the soils and other deposits in de- 
pressed places of small area and behind cliffs of rocks probably 
would not suffer much erosion; since there the upper layers of 
the ice would flow on over the stationary lower layers. In 
this way we may account for the preservation of the soils and 
the contained remains of trees in the Cromer Forest-bed and 
for the abundant remains of trees and old soils below and even 


* Newberry, Pop. Sci. Monthly, November, 1886. 
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in the Drift. In some cases such deposits may have been pro- 
tected from glacial action by thick accumulations of compacted 
snow and ice which heralded the approach of the glacier. 

While we may justly, I think, consider the eroding action of 
a glacier, like that of a running stream, to be some function of 
its velocity, the same cannot be said of the transporting and 
depositing powers of the glacier. When the velocity of the 
stream is reduced even a little, a portion of the materials it 
bears along may be deposited; but stones, large and small, 
once received into the bosom of the glacier are borne along, 
whatever may be the velocity. Yet we have evidences which 
show that in some cases bowlders have sunken in the glacial 
ice, so that they have, as Prof. J. D. Dana relates, got into a 
lower current running in a different direction. This is no 
more than we might expect of heavy rocks that are supported 
in a mass of ice which is constantly undergoing incipient lique- 
faction and regelation; and we may suppose that this tendency 
‘of rocks to gravitate downward would, in a slowly moving 
glacier, prevail over the tendency of the intestinal motion to 
throw them upward. However, it is not probable that these 
movements have had much to do with the making of the Drift 
deposits, to account for the enormous mass of which we must 
have recourse to other facts and principles. 

What is known as the law of differential motion prevails in 
all glaciers. This law is a statement of the fact that different 
portions of the glacial stream move with very different veloci- 
ties, the upper portions faster than the lower, the middle of the 
stream faster than the edges. The velocity of flow of the 
lower parts must be affected greatly by the character of the 
bed, and by the relative quantities of foreign materials enclosed. 

There is another fact which must be considered at this point, 
namely, that there is in all glaciers more or less melting going 
on at the bottom. ‘T'he sun’s rays may cause the surface of the 
ice to thaw and waste away, but the heat that escapes from the 
earth must expend its energy in melting the bottom of the 
glacier. This action of the terrestrial heat is recognized by 
glacialists, and produces what is known as subsidence of the 
glacier. Accordingly we find streams of water escaping from 
beneath even the glaciers of the polar regions. The inevitable 
result of this melting of the lower layers of a slowly moving 
ice-stream must be to cause the rocks, sand and clay to accum- 
ulate in greater proportions in its lower parts. If we now con- 
nect this conclusion with the law of differential motion, we 
shall, I think, be able to account for the deposit known as the 
bowlder clay. While the great glacial ice-sheet of North 
America was descending from the Laurentian Highlands, where 
it took its origin, its weight was so enormous and its velocity 
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so great, that it powerfully denuded those regions and, bearing 
the debris along with it, constantly exposed a new surface to 
erosion. As it was urged on over the region of the present 
Great Lakes and was confined to comparatively narrow chan- 
nels, it continued to gather up the wreck of the abraded strata 
below; but when it had debouched from these channels and 
had become spread out into a much broader sheet, its motion 
was much slower, and its pressure on the underlying strata 
much less than formerly. As it was in motion, however, it at 
first planed off the surface of all parts of the country that were 
not specially protected, and polished and scored the underlying 
rocks, as we find them to-day. But the earth’s heat was con- 
stantly invading the lower layers of the glacier and melting it 
away. ‘Thus it would happen that a larger and larger propor- 
tion of heavy materials would accumulate at the bottom of the 
ice-sheet. Stones would also doubtless often reach the bottom 
through crevasses, and streams of water from superficial melt- 
ing would carry thither sand and clay. , 

It can scarcely be doubted that this accumulation of coarse, 
earthy, materials in the lower portions of the glacial mass 
would greatly retard the movement there; and with the in- 
crease of these materials, the retardation would go on until a 
time would come when all movement in those lower layers 
would cease, the small proportion of ice be melted out, and a 
permanent deposit formed. Other horizons higher up would 
then in their turn be similarly affected; and thus the bottom 
moraine might attain almost any thickness. 

While contending that the great bulk of the Drift deposits 
were formed as above described, we may believe with Prof. 
Newberry and others that much of the glacial debris was car- 
ried forward and deposited in terminal moraines; and recently 
a number of these moraines have been described by Profs. 
Chamberlain and Wright, and others. We may again believe 
with Prof. J. D. Dana that large quantities of detritus were held 
in the body of the glacier and deposited on its final dissolution 
during the Champlain. Such a deposit, not having been sub- 
jected so long to the grinding action of the glacial mill, would 
naturally contain more and larger stones than the deeper parts 
of the Drift. Nor are we preclnded from believing with Prof. N. 
H. Winchell that there may have been, here and there, tracts of 
soil visible on the face of the wide extended whiteness. 

The conclusions reached above may be thus summed up: 

1. A glacial ice-sheet moving over a nearly level surface 
would possess far less power of abrading its bed than the same 
glacier would have while descending a slope of high angle. 

2. Through subsidence of the glacial mass, caused by the 
earth’s heat, and through other influences, a constantly increas- 
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ing proportion of inert materials would collect in the lower 
layers of the moving ice. 

3. The accumulation of such materials would tend to retard 
the motion of the lower portions of the glacier; and finally, 
when they formed a sufficiently great proportion of the mass, 
all motion of the lower portion would cease and a permanent 
deposit would begin and continue to be made. 

4. Other masses of detritus might be deposited at the foot 
of the glacial ice-sheet as a terminal moraine, and still other 
masses on the top of the already formed deposit when the 
glacier finally melted. 


Art. VIIL—A New Photographic Spectroscope ; 
HUTCHINS. 


THE constant demands of spectrum analysis for ever increas- 
ing accuracy can be satisfied only by instruments of the highest 
dispersion and most perfect defining powers, and when applied 
to photography the dispersion must be produced directly, and 
not by enlarging lenses at the camera. The large apparatus of 
Rowland does this most beautifully, as the writer, who has used 
it for the past year, can testify; but the fact that a large room 
must be set aside for its accommodation, and moreover that the 
large concave gratings are very difficult to obtain, will forbid 
its use to most workers. 

I have therefore devised the following simple, and it would 
seem upon short trial, effective arrangement for producing the 
desired results: 

A rather long slit is placed at the focus of a crown glass (or 
better, quartz) lens of forty feet focus. The ray from “the slit, 
after passing through the lens falls upon a large flat grating 
mounted to turn about an axis passing through the middle line 
of the ruled surface. The spectrum is projected by the same 
lens upon a horizontal are of forty feet radius, and is observed 
a little to one side or above the slit. The spectrum will not 
be normal throughout its length unless the radius of projection 
be kept constant. I think this had better be provided for by 
employing two lenses of crown glass, the one nearer the grating 
fixed, the other movable, than by the use of a corrected lens, 
to avoid the absorption of flint glass in the achromatic com- 
bination. 

More or less absorption when glass is used is unavoidable, 
and this, with the variation of the focal plane of the lens for 
light of different wave lengths, constitutes the most serious de- 
fects of the apparatus defects which are avoided in the 
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Rowland instrument. However, compensating advantages are 
not wanting. The Rowland apparatus integrates all impressions 
received at the slit. The ordinary comparison prism cannot be 
used with it, and the lower orders of spectra are too narrow to 
admit of convenient division at the camera; in fact, the spectra 
begin at nothing at the slit and spread in a widening band as 
we move toward the higher orders. 

The new instrument possesses the advantages of the analyz- 
ing spectroscope. The spectrum can be made wide or narrow, 
or divided at the slit. A preliminary trial has given the fol- 
lowing results:—A flat grating of 14,000 lines to the inch and 
a ruled surface 2X14 inches was employed with a lens of 37 
feet focus. The latter was placed close to the grating, and its 
spectrum observed near the slit. In the second spectrum 8, 
and b, were fully an inch apart as projected on a screen, and D, 
and D, had a separation of 13 to 14 mm. 

The excellence of the definition is shown by the fact that 
with an ordinary reading glass of six inch focus, # was seen 
double, and 14 lines were counted between D, and D,. With 
this form of apparatus the amount of dispersion can be varied at 
pleasure by simply altering the relative distances of slit and 
camera from the grating, but in such a way that slit and camera 
shall occupy conjugate foci of the lens. 

Jefferson Physical Laboratory, Harvard University, June 3, 1887. 


Art. IX.—A new Meteoric Iron and an Iron of doubtful 
nature; by R. B. Riaes. 


The Abert Tron. 


THIs meteorite was found entire and unlabeled in a collection 
of minerals made by the late Col. J. J. Abert, and presented to 
the National Museum by his son, Mr. J.T. Abert. It weighed 
originally 456 grams. Its specific gravity was found to be 7°89. 
Its cross section measured 50™™ by 37™™. An analysis gave it 
the following composition : 

Graphite "03 
C(combined).. 02 


99°86 


In composition, therefore, it is similar to the Nelson County 
meteorite. Nitric acid brought out characteristic Widman- 
staitten figures of the same octahedral marking with, though 
somewhat coarser than, those of the Grand Rapids meteorite. 
The fracture is distinctly octahedral. 


68 — 
‘08 
‘Ol 


60 S.C. H. Bailey—Aerolite from Rensselaer Co., N. ¥. 


An Iron of doubtful origin. 

This iron was found on the farm of A. L. Hodge, three miles 
southwest of New Market Station, Jefferson County, Tennessee, 
in a region full of small iron furnaces, whence have come a 
number of pseudo-meteorites, among others the Hominy Creek, 
Rutherfordton and Campbell County irons. Special inquiries 
were therefore made by Professor Ira Sayles, who obtained it, 
as to the presence of furnaces in the vicinity. ‘The immediate 
locality seemed to be free from them. The iron, full of cavi- 
ties, is characterized by extreme hardness. Its weight was 640 
grams, its specific gravity 7°61. Analysis determined its com- 
position as follows: 


Fe.... 88°27 1°80 
15 
C (combined)... 1°46 
Mn... 6°73 100°39 


Treated with nitric acid, the polished surface developed 
quite fine markings not unlike Widmanstitten figures. The 
high percentage in manganese is possibly an objection to as- 
cribing to it a meteoric origin. The presence of manganese, 
however, and in considerable quantities, is not so uncommon 
as many think. The Claiborne and Bitburg meteorites, both 
of unquestioned meteoric origin, contain respectively 3:24 per 
cent and 4:00 per cent. 

Laboratory U.S. Geological Survey, Feb. 2, 1887. 


ART. X.—On an Aerolite from Rensselaer County, New York ; 
by S. C. H. Barney. 


Asout the year 1863, Mr. H. Bancker, of Schaghticoke, 
N. Y., found, near the base of a large tree on the bank of the 
Tomhannock Creek in Rensselaer County, a stone of unusual 
appearance which he took home with him. After breaking 
off from it a fragment, the stone was laid aside and little 
further attention given to it until May, 1884, when it was sent 
to the writer who recognized it as an aerolite. The original 
weight was probably about 14 kilos, with an average diameter 
of about 10™ and in outline was very round, not varying more 
than 2™ in its extreme diameters. The crust was entire except 
where the fragment had been broken off, and a small crack or 
fissure, apparently caused by the blow from the hammer. The 
crust is of very uniform thickness, black, hard, thin, unglazed, 
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but quite smooth, with its line of union with the interior 
scarcely distinguishable, the clear black outside layer being 
but little thicker than stout note paper. The interior upon a 
freshly fractured surface is of a reddish brown color with a 
slight trace of blackish green when held in a certain light; its 


texture is very fine, compact and hard, a little slaty in struc- 
ture, and shows no traces of iron even under the lens, but 
when cut with the diamond saw, the iron appears in brilliant 
specks, very uniformly and abundantly distributed through the 
mass, so finely and equally disposed as to remind one forcibl 
of the fabric formerly known as “ pepper and salt cloth.” The 
stone bears a high polish which seems to give a degree of trans- 
lucency to the surface which then assumes a mottled appear- 
ance, with patches of clear seal brown, spots of a gray color 
and a few “ kugelchen ” or grains of an oolitic structure. The 
aerolite was encircled with a zone of broad, deep pittings, as 
shown by the engraving. In its general aspect upon a cut 
surface it more nearly resembles the Seres, Macedonia, stone, 
than any with which I am familiar. 

A circumstance, as connected with the enquiry, for how long 
a time an aerolite may resist the action of the soil and atmos- 
phere, may here be mentioned. Mr. Bancker, its finder, states 
that many years prior to the discovery of this aerolite under 
the tree as before mentioned (probably fifteen years or more) 
he found this, or a similar stone in size and appearance, in his 
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swine yard. Its singularity attracted his attention and he car- 
ried it to his house and cleansed it, but in a little time it was 
forgotten or lost sight of. His definite recollection is that that 
stone was very like this aerolite in its general appearance, but 
he is wholly at a loss to trace any other connection of 18 
specimen originally found by him and this aerolite found year 
afterwards on the clay bank of the creek at such a yi 
from his house. The fragment was broken from the stone 
after it had been found in 1868. 

The exact data necessary to base correct conclusions upon, 
are wanting in this case, but the facts above stated may justify 
the supposition that stony meteorites may remain intact from 
the disintegrating effects of the soil and atmosphere for a much 
longer time than has heretofore been accorded them—assumed 
by one fully competent to form a trustworthy opinion (the late 
Professor C. U. Shepard) to be from a few months, to two or 
possibly three years. 

The close, hard, semi-vitreous crust of the Tomhannock stone 
would suggest that so long as its exterior was not fractured by 
its fall, it might remain unharmed by atmospheric agencies 
alone for many years, or resist for a long time the action of the 
soil. For years this meteorite seems to have been exposed to 
one, or more probably, both, of these influences, yet when it 
came into my possession it showed no deterioration except 
from the blow from the hammer. 

An analysis of the metallic portion of this stone by F. A. 
Wilber gave the following results: 


Metallic 13°02 
3°06 


the most notable feature being the excessive proportion of the 
nickel as compared with the iron. The composition of the 
stony portion has not yet been determined. 

Cortlandt-on-Hudson, 23d Feb., 1887. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PuHysIcs. 


1. On the Boiling point of liquefied Ozone.—From the fact 
established by Hautefeuille and Chappuis, that ozonized oxygen 
exposed under a pressure of 125 atmospheres to the temperature of 
boiling ethylene,—102°5°, yields liquefied ozone as a dark blue 
liquid which retains its state at this temperature for a short time 
even when the pressure is withdrawn, OLszEwsky was led to the 
conclusion that the boiling point of ozone was probably but a little 
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below that of ethylene. Hence it should liquefy at the atmos- 
pheric pressure if the temperature was sufficiently low. At the 
temperature of —150° no liquefaction occurred, no doubt because 
of the large amount of oxygen mixed with the ozone. But at 
—181°4, the temperature of boiling oxygen, the condensation 
readily took place and the dark blue liquid was produced. In 
very thin layers at this temperature it is transparent, but in layers 
2™™ thick it is nearly opaque. On introducing the tube contain- 
ing it into liquid ethylene at —140°, the ozone remained liquid, 
beginning to vaporize when the temperature of the ethylene had 
risen to near its boiling point. By means of a thermometer con- 
taining carbon disulphide, the temperature of the ethylene was 
fixed. At the moment of incipient ebullition of the ozone this 
thermometer indicated a temperature of — 109°, corresponding 
on the hydrogen thermometer to — 106°. Hence this value may 
be taken as the boiling point of liquid ozone. Sealed in a glass 
tube the liquid becomes a blue gas, which may be again con- 
densed by placing it in boiling ethylene. Since a violent explo- 
sion ensues if the liquid ozone is allowed to come in contact with 
ethylene gas, great care is necessary to prevent this from taking 
place. Ethylene itself solidifies in boiling oxygen and fuses again 
at —160°.— Wien Monatch. f. Chem., viii, 69; Ber. Berl. Chem. 
Ges., xx, Ref. 245, May, 1887. G. F. B. 
2. On the Absorption-spectra of liquid Oxygen and of lique- 
fied Air.—OLszEwskKY has examined the absorption-spectrum of 
liquid oxygen, employing solar light for this purpose. Using a 
small direct-vision spectroscope, two strong dark lines were ob- 
served in the orange and yellow, which did not entirely disappear 
when the oxygen was all volatilized, and which were found to be 
present in the ordinary solar spectrum, faint at midday, but dis- 
tinct at sunset. With greater dispersion, the oxygen lines ex- 
. panded into bands resembling the telluric bands of the sun spec- 
trum; remaining visible when electric or calcium light was 
substituted for sunlight. On increasing the layer of liquid oxy- 
gen from 7™™ in thickness to 12™, two more bands appeared; a 
faint one in the green and a stronger one in the blue. The wave- 
lengths of these four bands, measured from the central line, were 
628, 577, 535 and 480 millionths of a millimeter. The first of 
these bands is distinguished by its breadth, the second by its 
intensity; the last two bands, which are more feeble, do not 
appear in the sun spectrum. The air, whose spectrum was exam- 
ined, was carefully freed from moisture and carbon dioxide before 
liquefaction. No new bands appeared, the spectrum consisting 
mainly of the bands 628 and 577, above mentioned, which were 
faint. They became stronger as the liquid became richer in oxy- 
gen by the evaporation of the nitrogen mixed with it. Of the 
four telluric bands in the sun spectrum A, B, a and 6, which 
Angstrém has shown cannot well be due to aqueous vapor on 
account of their stability, the two latter coincide with the two 
strongest of the above oxygen bands. Egoroff concluded from 
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his examination of the spectrum of compressed oxygen gas that 
A, B, and probably a, are due to oxygen. To these Janssen 
added some other bands, seen by him in the spectrum of com- 
pressed oxygen. As to the lines A and B, Olszewsky has not 
been able to make sufficiently exact observations in that part of 
the spectrum of liquid oxygen in which they occur, to enable 
him to establish definitely their existence in that spectrum.— 
Wien Monatsch. f. Chem., viii, 73, Nature, xxxvi, 42, May, 1887. 
G. F. B. 
3. On the action of Platinum on a mixture of Oxygen and 
Ammonia gases,—Kravt has modified the form of apparatus 
which he at first devised to show the action of oxygen upon am- 
monia.in presence of platinum. He now takes a strip of plati- 
num or palladium foil 5 or 6°™ long, 1™ broad and 0:2™™ thick, 
and hangs it in a flask of 800 or 900° capacity by means of a 
platinum wire. ‘Through the stopper of the flask two glass tubes 
pass each about 4"™ in diameter and bent at right angles. One 
of these tubes terminates just below the stopper, the other two- 
thirds the way down. The flask is now filled to one-quarter or 
one-third its volume with a 20 per cent solution of ammonia, the 
ignited foil is hung within it, of course so as not to touch the 
liquid, and a rapid current of oxygen is admitted through the 
longer tube. On shutting off the gas, the foil rises to a dark red 
heat and white clouds of ammonium nitrate are formed. If the 
oxygen be admitted for a second time for a few seconds, the foil 
glows still brighter and brighter, and yellow vapors of nitrogen 
tetroxide appear. By a third or fourth admission of oxygen the 
color of the gas in the flask may be made dark enough to be visi- 
ble at a distance, and this without danger of explosion and with- 
out igniting the oxygen.— Ber. Berl. Chem. Ges., xx, 113, April, 
1887. G. F. B, 
4. On two new Hydrates of Potassium hydroxide.—The only 
definite hydrate of potassium hydroxide thus far known has the 
formula KOH. (H,O), and crystallizes from a hot concentrated, 
aqueous solution in rhombic octahedrons. GottTie has now de- 
scribed two more liydrates, obtained not from aqueous but from 
alcoholic solutions. To produce the first of these, pulverized 
potassium hydroxide is rubbed in a mortar with 96°8 per cent 
alcohol so as to obtain a solution of sp. gr. 1:050 to 1°058, and the 
mass is filtered. Even during filtration, large prismatic crystals 
separate, and on cooling, the filtrate becomes a mass of such 
‘crystals, On analysis these crystals gave the formula (KOH), 
(H,O),. They fuse below 40°, and give up 41°5 per cent (about 
3 molecules) of their crystal water on standing 144 hours over 
sulphuric acid. The second hydrate is obtained from solutions of 
potassium hydroxide in 96°8 per cent alcohol, but which have a 
specific gravity of only 0°980 to 0°985. Such a solution is boiled 
down to one-half its bulk, the boiling point rising from 95° to 
116°. On cooling, exceedingly long, delicate needles separate, 
and at 35° the mass is nearly solid. During drying these needle 
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crystals have a characteristic behavior. They split into fine fila- 
ments, so that the mass in an approximately dry state resembles 
cotton wovl. On complete drying these crystals unite without 
any change of eomposition to form a hard compact mass. Analy- 
sis gave for the composition of this hydrate the formula (KOH) 
(H,O),. It begins to fuse at 50°, and loses over sulphuric acic¢ 
25°7 per cent water, reducing itself to KOH, H,O. A fragment 
on water shows active rotation.— Ber. Berl. Chem. Ges., xx, 
1094, April, 1887. G. F. B. 

5. On the Sugar yielded by Hesperidin and Naringin.—Wi. 
has compared together the products yielded by the glucosides 
hesperidin and naringin, when they are boiled with dilute sul- 
phuric acid. After thus treating hesperidin, the hesperidin and 
the sulphuric acid were removed and the solution evaporated to 
asyrup. This was extracted with alcohol and fractionally pre- 
cipitated with ether. From the later fractions, dissolved in 
alcohol, fine clear brilliant crystals separated on evaporation 
which were identified as isodulcite. They fused at 94°, rotated 
to the right and were not fermentable. The mother liquors, how- 
ever, contained still another sugar, and this a fermentable one, 
Treating the syrup with phenyl-hydrogen hydrochlorate and 
sodium acetate, a mixture of the isodulcite compound and the 
dextrose compound phenylglucosazone, separated in yellow nee- 
dles. The two were easily separated by treatment with acetone 
in which the latter is insoluble. Naringin treated in the same 
way gave also isodulcite and dextrose.— Ber. Berl. Chem. Ges., 
xx, 1186, April, 1887. G. F. B, 

6. Onthe Thermo-chemistry of Antimonous sulphide.—In a mem- 
oir on the thermo-chemistry of antimonous sulphide, BeRTHELOT 
has studied (1) the thermic formation of orange antimonous sul- 
phide; (2) the thermic formation of the chlorosulphide, together 
with secondary products such as hydrogen sulphantimonite and 
other sulphantimonites and hydrogen-antimonous chloride; (3) 
the thermic formation of the two antimonous sulphides, the one 
black, crystalline, anhydrous, the other orange, amorphous, 
hydrated; and (4) the reciprocal actions between hydrogen 
chloride, hydrogen sulphide and antimony salts, viewed in the 
light of the earlier results. The following are his conclusions: 
lst. Inverse actions are produced in cases where the sign of the 
heat evolved in the reaction of the two bodies, such for example 
as antimonous sulphide and hydrogen chloride, is changed by the 
combination of one of them, either with a third body, such as 
water, to form hydrates, or even with one of the products of the 
reaction itself. 2d. The chemical action is not reversed suddenly, 
but along a certain gradation of intermediate compounds, such 
as hydrates, sulph-hydrates, chlorhydrates, oxychlorides, chloro- 
sulphides, ete. ; compounds the proper heat of formation of which 
is included in the phenomena and tends to complete the thermic 
interval of the principal reactions. 3d. These secondary com- 
pounds for the most part exist only in a state of partial dissocia- 

Am. Jour. Sct.—Tuirp SERIEs, Vout. XXXIV, No. 199.—JuLy, 1887. 
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tion; that is to say, a state of tension of their components. 4th. 
There are compounds which determine and which regulate the 
chemical equilibrium between antagonistic bodies, according to 
the conditions of their own existence and of their dissociation; it 
is at this point that the physico-chemical laws of dissociation 
intervene, laws which are the objects of study at present by so 
many savants. A fundamental distinction is thus established 
between those reactions which are due to the internal energy of 
systems, energy the gradual dissipation of which is conformable 
to the principle of maximum work, and those opposite effects 
which are due to foreign energy, such for example as calorific 
energy which acts generally to produce changes of state and dis- 
sociation. The whole of the mechanics of chemistry is explained 
by the coaction of the laws which preside over these two orders 
of phenomena.—Ann. Chim. Phys., vi, x, 123, January, 1887. 
G. F. B, 
7. Ona new Color reaction for Bismuth.—HasE.BRork has 
studied the action of hydrogen peroxide upon bismuth salts and 
finds that if a weak solution of the peroxide made alkaline with 
potassium or sodium hydrate, be added to bismuth subnitrate in 
a test tube, the white subnitrate on heating becomes brownish 
ellow, the mixture at the same time evolving oxygen. The 
right orange-yellow powder thus obtained is amorphous, becomes 
brown on heating, and dissolves in mineral acids with evolution 
of gas, oxygen when sulphuric acid is used, chlorine when hydro- 
chloric acid is employed. Analysis showed it to be bismuth pent- 
oxide, Bi,O,, already observed by Arppe, and capable of forming 
bismuthic acid. The formation of this body is a delicate test for 
bismuth. If bismuth hydrate is precipitated in presence of hydro- 
gen peroxide and excess of alkali or ammonia, the slightest trace 
shows a yellowcolor. Ifa drop of a 3 per cent peroxide solution 
be diluted with 150° water, made strongly alkaline, and a few 
drops of a dilute solution of bismuth nitrate be added the yellow 
precipitate appears on warming. One part of H,O, in 100,000 of 
water may thus be detected. It also constitutes an extremely 
delicate test for bismuth.—Ber. Berl. Chem. Ges., xx, 213, Feb., 
1887. G. F. B 
8. A new Heat Measurer.—Mr. C. Vernon Boys exhibited an 
instrument which he terms the Radiomicrometer to the Royal 
Society, March 24. The instrument is a modification of one in- 
vented by M. D’Arsonval, and consists of a minute thermal junc- 
tion forming one side of a parallelogram of which the other three 
sides are of copper. This thermo-electric circuit is suspended 
between the poles of a magnet. It is evident that when radiant 
heat falls upon the thermo-electric junction forming one side of 
the parallelogram an electrical current is formed which turns in 
the magnetic field, where it is placed so as to include the greatest 
number of lines of force. The parallelogram made by Mr. Boys 
embraced one square centimeter. The thermo-electric junction 
consisted of a bar of antimony and of bismuth, each piece being 
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5x5xX4mm., soldered edge to edge. The circuit was supported 
by a torsion fiber and provided with a little mirror. With a mag- 
netic field of only 100 units the instrument showed the heat which 
would be cast on a half penny by a candle flame at a distance of 
1168 feet. With a stronger magnetic field the instrument is 
capable of much greater sensitiveness. The author calculates that 
an instrument can be made which would show a change of tem- 
perature at the junction of ry5pyhcuas Of a degree of heat.- Mr. 
Boys also showed a motor which consisted of a cross, the center 
being antimony and the arms bismuth; to the ends of the arms 
are soldered four copper wires, the three ends of which are joined 
by a ring of copper. When the spark from a blown out match is 
held near this arrangement it rotates rapidly. If the spark is 
held on the right hand side of the north pole the motor revolves 
indifferently in either direction. Ifthe spark is held on the left 
hand side the motor stops. ‘‘ We have, therefore, an electric mag- 
netic motor which goes having neither sliding nor liquid con- 
tacts.” — Nature, April 7, 1887. & 

9. Color mixtures.—At a meeting of the Physical Society in 
Berlin, March 4, Professor Vogel exhibited an experiment which 
can serve to dispel the popular notion that blue and yellow light 
when mixed necessarily produce green. Three fluids were em- 
ployed in three flat phials. Phial No. 1 contained acid yellow 
(Siuregelb); phial 2, solution of ammoniacal copper; phial 3, 
aniline blue. 1 and 2 superimposed on each other gave green; 
1 and 3 a fiery red.— Nature, April 7, 1887. 5. @ 

10. Dispersion of rock salt.—H. E. Ketteler discusses the recent 
results of Professor Langley, applying a formula for dispersion 
which he has lately published, Wied. Ann., xxx, p. 299, 1887. He 
arrives at the following conclusion : member, — A’ of the 
dispersion formula, expresses the absorption of radiant heat, and 
all dispersion theories which do not take this into account are un- 
tenable.”— Ann. der Physik and Chemie, No. 6, 1887, p. 322. 

J. T. 

11. Effect of pressure on thermometer bulbs.—Professor Spencer 
Umfreville Pickering calls attention to errors which can arise from 
a difference of pressure upon thin thermometer bulbs. When the 
coefficient of expansion of the bulb is large, irregularities sufficient 
to cause considerable errors may arise. The bulb subjected to 
pressure apparently behaves like thin tin vessels where a small 
addition or removal of pressure will cause a considerable altera- 
tion in the form of the vessel. Glass cylinder bulbs were found 
to be more rigid than spherical ones.—Phil. Mag., May, 1887, p. 
406. J. T. 

12. On an objection to Professor Morley’s Attempt to explain 
the less amount of Oxygen in the Air observed by him in the 
region of an Anti-cyclone ; by Max ScuuMann (from the “ Mete- 
orologische Zeitschrift,” Bd. 4, June, 1884, translated by the 
author.)—Mr. E. W. Morley explains in this Journal, III, vol. 
xxii, p, 471, 1881, the result found by his experiments (contrary 
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to the conclusion of M. Folly*), that a less amount of oxygen in 
the atmosphere always coincides with a barometrical maximum, 
through the descending current whith, in anti-cyclones, brings 
downward air deficient in oxygen from higher elevations. The 
proposed explanation is not satisfactory, because the descending 
air in the region of an anti-cyclone does not proceed from those 
elevations in which a less amount of oxygen may be expected. 
There is a certain altitude indeed—and this is certainly greater 
than that at which those atmospheric processes take place, the 
combined effect of which is called “ weather ”—up to which the 
amount of oxygen may be regarded as invariable. The air, found 
by Mr. Morley to contain less oxygen, proceeds from elevations 
inferior to those, because that air 1s not sucked down from strata 
above that limit, but only takes a circular path induced in a 
region of disturbed air by the ascending current. In consequence 
of this circular path, which is easily understood by thinking of a 
ring on a horizontal plain in the center of which the air ascends 
and is sucked over the upper edge of the ring down along the 
outer surface and under the lower edge back to the center of the 
ring, the air descending on a region of high barometrical pressure 
proceeds at all events only from those elevations in which the 
amount of oxygen may be regarded, as invariable. 
Heidelberg, March, 1887. 


II. GEoLoGY AND MINERALOGY. 


1. “On a Seismic Survey made in Tokio in 1884-85.” Read 
by Professor Joun Mine, before the Seismological Society of 
Japan, on January 27, 1886.—This paper makes a pamphlet of 
36 pages with maps and diagrams, and appears to be from the 
unpublished tenth volume of the Transactions of the Society; 
although that is not stated upon it. It is a fuller account of 
experiments briefly described in his “Fifth Report” to the 
British Association at the meeting in 1885, and noticed in Nature 
(xxxii, 526) at that time. A number of similar seismographs 
were installed at different points in the grounds of the Imperial 
College of Engineering, one being at the bottom of a pit ten feet 
deep and another in a house supported on cast iron shot. The 
instruments were connected and simultaneously put in operation 
by electricity. During the year of observation, March, 1884, to 
March, 1885, fifty earthquakes occurred whose automatic records 
were studied. A map of the grounds is given and copies of some 
of the record diagrams. In general the results differed very sen- 
sibly at the various stations, the motion being usually greatest 
on the low grounds. The greatest amplitude marked at any sta- 
tion was 2°5™™, while the same earthquake at another station gave 
only 0°05"". The greatest maximum velocity recorded is 19™™ 
per second. The greatest acceleration recorded was 300™" or 
about one foot per second. In the house resting on shot the least 


* In an essay of Mr. Morley in this Journal, III, vol. xxii, p. 429, 1881. 
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motion was found when the shot used were small, about a quarter 
of an inch in diameter. The observations in the pit apparently 
indicate that an earthquake’s motion at a distance from its origin 
is practically superficial and that a building whose foundations 
rose freely from hard ground at the bottom of a trench, ought to 
feel but little movement; but these inferences need to be tested 
by further experiment. 

The writer has also received a little 16mo. pamphlet of twenty- 
three pages “On the causes of Earthquakes,” which is a reprint 
from the columns of the Japan Mail of the shorthand report of a 
popular lecture delivered in Tokio by Professor Milne on October 
16, 1886. In the reprint the original columns of the newspaper 
have been curiously transposed, so that to get the lecture in 
proper order the pages of the pamphlet must be taken thus: 1-7, 
14-20, 7-14, 20-23. The exact line of separation on pages 7, 14 
and 20, will be evident to the reader. 

2. On Submarine Valleys on the Pacifie Coast of the United 
States; by Grorcre Davivson. (Bulletin California Acad. Sci., 
ii, 265, January, 1887.) Off the Pacific Coast south of Cape Men- 
docino, the distance to the 100-fathom line is generally about 
ten miles; there is then a sharp descent to 500 or 600 fathoms, 
and from this a decline to 2000 to 2400 fathoms within 40 or 50 
miles. Within the marginal plateau bounded by the 100-fathom 
curve, the soundings of the coast survey have found several deep 
valleys. Mr. Davidson reported to the California Academy, in a 
former paper, the existence of one of those remarkable valleys in 
Monterey Bay, leading toward the lowlands at the great bend of 
the Salinas River; another off Point Huaneme at the eastern 
entrance to the Santa Barbara Channel, heading toward the open- 
ing of the Santa Clara valley; one or two at the mouth of the 
Laguna Mugu; two or three off the southern point of Carmel 
Bay, the deepest of which goes far into the bay. 

As more recent discoveries, he mentions three valleys off the 
coast south of Cape Mendocino. One is off Point Delgada at 
Shelter Cone; it cuts through the marginal plateau in a direction 
toward the culminating point in the mountains of the coast, a 
peak 4236 feet high. The 100-fathom line is six miles off Point 
Delgada; but in its course where crossed by the valley the depth 
reaches 400 fathoms; and a depth of 100 fathoms is within one 
and a quarter miles of the shore, while 25 fathoms is near the 
shore cliffs, 

A few miles farther north a second submarine valley comes in 
from the west-southwest, reaching toward the coast three miles 
north of Point of Gorda and less than a mile north of the mouth 
of the Mattole River. At the head of this steep-sided valley 
there is a depth of 30 fathoms one-third of a mile from the shore, 
and of 100 fathoms one-third of a mile outside of this; and at the 
edge of the 100-fathom plateau, here six miles from Point Gorda, 
the depth is 520 fathoms. It is remarkable that the barrier of 
coast-line at the head of this vailey is over 2000 feet high. 
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A third submarine valley exists between Point Gorda and Cape 
Mendocino; five miles southwest of the Cape. The depth of 450 
fathoms occurs 63 miles S.W. by S. of the cape, and 100 fathoms 
at the usual position of the 25-fathom line. 

The valleys take in the cold water that come down the coast, 
outside of the inshore northward-flowing eddy current, and a cold 
water fauna. They are places where vessels may misjudge as to 
their position from failing to find bottom at the usual depth; and 
one steamer was thus lost. 

3. Triassic Mammals, Dromatherium and Microconodon.—Prof. 
H. F. Osborn has a paper, in the Proceedings of the Academy of 
Natural Sciences of Phil: adelphia for 1886, p. 359, giving the re- 
sults of a study of the two existing specimens of jaws “of upper 
Triassic Mammals from the Chatham coal-fields of North Carolina, 
one of them in the collection of Williams College, and the other 
at the Philadelphia Academy. He shows that the figures pub- 
lished by Prof. Emmons are not correct and apparently because 
made from the two specimens which were wrongly referred to one 
genus by Emmons. He gives a new figure of the jaw of Droma- 
therium sylvestre, with a description, and names the other species 
Microconodon tenuirostris, which he also figures and describes. 

Artesian well at St. Augustine, Florida—A brief report 
on this artesian well by Mr. Kennish, states that the boring, 
below 50 feet of sand and shells, passed through about 45 feet of 
coquina or shell-rock, and indurated clay and sand; 7°5 of blue 
clay affording sulphurous water; fossiliferous limestone afford- 
ing corals, shells, etc., to 600 feet: below the surface, affording 
3,000,000 gallons of pure water free from sulphur at 400 to 450 
feet below the surface, 7,000,000 per day, at 500 to 550. Below 
770 feet to 1120 feet,-hard limestone, with increase in the amount 
of water; below, to 1225, sandstone with flint; below 1290 in 
fossiliferous limestone to 1400 feet. The supply of water obtained 
is stated to be 8,000,000 gallons per day, which is twenty-eight 
times that from the longest well at Charleston, 8. C.; and the 
power secured, 75 horse power. The increase of temperature 
downward was about one degree Fahrenheit in every 50 feet of 
depth, the temperature at bottom being 86° F.; but what care 
was used in obtaining the temperature is not stated. The well 
was bored for the Ponce de Leon Hotel, under the charge of 
Mr. H. M. Flagler. 

5. Formation of the cone in the Halema’uma’u basin.—On 
page 239 of the last volume, a view is given of the cone in the 
Halema’uma’u basin, Kilauea, and a letter received from Mr. Frank 
E. Dodge, of the Hawaiian Government Survey, dated January 
14, 1887, is cited from. The same letter says further with refer- 
ence to the formation of the cone: “I think it first appeared as a 
ridge extending east and west in the northern half of the pit, and 
other portions appeared successively until the whole circuit was 
completed—all rising slowly as though Floating on the surface of 
the new lava lake. The central depression (of the cone) occupies 
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the site of the deep centre of the basin shown on Mr. Emerson’s 
map, 900 feet deep.” J. D. Dz 

6. Report on the Geology of New Jersey for 1886, by the 
State Geologist, Prof. G. H. Cook. 254 pp. 8vo.-—-In the report 
of Dr. Britton on the Archzean belt it is stated that no division of 
Huronian has yet been identified. The kinds of rocks are men- 
tioned and these do not include labradoritic kinds, or promi- 
nently, pyroxenic kinds, The iron ore beds are all of magnetite, 
no hematite occurring in the Archean except as a surface altera- 
tion production derived from the magnetite. The iron-bearing 
strata belong with the older part of the Archean, differing thus 
apparently from those of the Lake Superior region. Much valua- 
ble information is given on the stratification of the rocks, and on 
their kinds and relations. The statement is made (on p. 70) that 
the term Huronian was introduced by Dr. T. Sterry Hunt in 1855. 
But in his geological address of 1871, Dr. Hunt says: “ The crystal- 
line infra-Silurian strata to which the name of the Huronian series 
has been given ‘by the Geological Survey of Canada,” words he 
would not have used, had he himself been the giver. The term 
first appears in print in the “ Esquisse Géologique du Canada;” 
which was prepared for “ L’Exposition Universelle” at Paris of 
1855, and was printed in Paris in 1855. But the title page has 
the names of both W. E. Logan and T. Sterry Hunt; and the 
preface expressly states that “for the geological facts and what 
relates to the physical structure of the country, all is due to Mr. 
Logan (“tout est da 4 M. Logan”); the mineralogy and also the 
chemistry of the metamorphic rocks and the mineral waters, are 
the labors of M. Sterry Hunt, by whom the sketch was drawn up.” 

The report also treats of the Triassic; the drift; mining of iron 
and zine ores; the greensand beds which are Cretaceous except 
the upper marl-bed, and gives new analyses of the marls. It is 
remarked that the greensand marls have their chief value in the 
phosphoric acid (as calcium phosphate) present; that those con- 
taining calcium carbonate are most durable; that the potash has 
but little present value, since it exists in a silicate and is hence 
insoluble; that the marls containing little of either phosphoric 
acid or calcium carbonate, become active fertilizers when com- 
posted with quick lime. 

7. Bulletin of the Scientific Laboratory of Denison Univer- 
sity, Granville, Ohio, vol. ii, parts 1 and 2, May, 1887. Edited by 
C. L. Herrick, Dept. Geol. and Nat. Hist., and A. D, Coxe, Dept. 
Chem. and Phys.—The Scientific Department of Denison Univer- 
sity is among the more active of the country, and especially 
through the ability and energy of Prof. Herrick, who is artist 
and engraver as well as investigator. The Bulletin, recently 
issued, commences with an account of the Geology of Licking 
Co., Ohio, with seven crowded plates of figures of fossils, a few 
of which are of new species, and appended to it is a paper on 
the Bryozoa of Flint Ridge with one plate, by A. F. Forrste. 
There are also parts 2 and 3 of a paper on the Clinton Group of 
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Ohio, with three plates, by Mr. Forrste; on the Geology and 
Lithology of Michipicotgn Bay, by C. L. Herrick, W. G. Tieuz, 
and H. L. Jones; on the determination of the Horizontal Compo- 
nent of the Earth’s Magnetic force, by L. E. Axis, explaining 
method of observation; and a list of Alge of the vicinity of 
Granville, by H. L. Jones. 

The paper on the Geology and Lithology of Michipicoten Bay 
bears on the Huronian question and is illustrated by three plates. 
The rocks are granite, which is described as eruptive; the meta- 
morphic schists, mica schist, chlorite schist, hornblende schist, 
epidote schist, gneiss, etc., with dioryte and diabase ; and uncon- 
formably over the schists there are the conglomerates and sand- 
stones with intercalated and intrusive diabase of the Kewenaw 
series, which, besides covering Michipicoten Island, occur on the 
shore at Cape Cargantia. The conglomerates consist of material 
derived from the schists and other crystalline rocks. It is inferred 
that a long interval elapsed between the era of the latter forma- 
tion and that of the schist. 

8. A sketch of the Geological Development of the Pacific 
Slope ; by G. F. Beckrer.—This short but interesting paper is No. 
5 of the Proceedings of the Natural History Society of Newport, 
R. I. 

9. First Report on the Florida State Geological Survey, 1887 : 
by J. Kost, M.D., LL.D., 32 pp. Svo, 1887. This first report 
contains no results of new investigations, 

10. Brief notices of some recently described minerals.—Lanc- 
BANITE. Occurs in hexagonal crystals, varying in habit from 
short prismatic to tabular; the latter are quite complex and re- 
sembles apatite somewhat, but differ from it in being holo- 
hedral; the vertical axis is 1°6437. The other physical charac- 
ters are: harduess =6°5, specific gravity =4°918 ; luster metallic; 
color iron-black ; streak brown ; fracture conchoidal. An analysis 
yielded : 

Sb.0; SiO, MnO FeO 

15°42 10°88 64°00 10°32=100°62 

This the author interprets as a silicate of manganese (Mn,SiO.,) 
with antimonate of iron (Fe,Sb,O.) in the ratio 37:10. Liang- 
banite occurs sparingly in granular limestone with schefferite, 
magnetite and rhodonite at Lingban in Sweden. Described by 
G. Flink in Zeitschr. Kryst., xiii, 1, 1887. 

WepsskyiTE. A decomposition-product of serpentine occurring 
in crevices in the paleopikrite of Amelose, near Biedenkopf, in 
Nassau. It has a black color in the mass, but green or greenish 
brown in thin splinters; specific gravity 1:771. The mean of 
two analyses gave: 


Al,O3, FeO MgO H,,0 H,O 
(below 110°) 
34°91 9°60 3°13 21°62 9°84 21°20==100°30 


Named after the late Professor Websky, of Berlin, by R. 
Brauns, Jahrb. Min., Beilageband v, 318, 1887. 
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PsEuDoBIOTITE. Knop closes an interesting article on the 
composition of biotite, in which he gives analyses of varie- 
ties from several localities, by describing an altered kind under 
the name of pseudobiotite. It occurs in scales in the crystallized 
limestone of the. Kaiserstuhl. The mean of two analyses gave : 
TiO. Al,O; Fe20s Mn.0;? MgO K,O0 H,0 
35°91 1°15 15°18 10°85 0°89 22°30 2°90»: 10°77=100°45 

The author does not regard it as a definite compound.—Zeitschr. 
Kryst., xii, 607, 1887. 

GRIQUALANDITE. Described by G. Grant Hepburn as a hydrous 
ferric silicate pseudomorphous after crocidolite from Griqualand 
West, South Africa. The supposed new mineral, however, was 
obviously the siliceous material extensively used as an ornamental 
stone (tiger-eye) which consists of silica more or less impregnated 
with the yellow iron oxide derived from the alteration of the 
original crocidolite.— Chem. News, May 27, 1887. 

MANGANOTANTALITE.—A member of the tantalite-columbite 
group of minerals described by Arzruni from the Uralian gold 
washings. It is known from a single crystal only, which has in 
general the habit and dimensions of ordinary columbite. The 
specific gravity was found to be 7°37, and the color, nearly black 
by reflected light, was brown to orange-red by reflected light in 
thin splinters. An analysis by Blomstrand gave :— 

Ta.0; Nb.O; Sn0., WO; FeO MnO CaO ign. 

79°81 4°47 0°67 117 13°88 (0167) =100°33 
This corresponds to the formula 11MnTa,O,+FeNb,O,. The 
mineral is related therefore to the manganese tantalo-niobate 
from Branchville, G.=6°59, analyzed by Comstock (this Journal, 
xix, 131, 1880), and to the mangantantalite, G.=6°3, of Norden- 
skjéld (3d Appendix to Dana’s Mineralogy, p. 118). It contains, 
however, much more tantalum and correspondingly has a higher 
specific gravity than either of these minerals.— Verh. Russ. Min. 
Ges., 1886. 

CrisTOBALITE.—This name has been given by vom Rath to some 
small octahedral crystals found at the tridymite locality of Cerro 
San Cristobal, near Pachuca, Mexico. They are in part spinel-like 
twins, and occur intimately associated with the tridymite, in cavi- 
ties in the andesite. An analysis showed them to consist essen- 
ually of silica, and the author is uncertain whether to regard 
them as a new form of crystallized silica or as pseudomorphs 
after some undetermined mineral, but inclines to the latter 
Opinion. An examination by Bauer showed them to possess a 
rather strong abnormal double refraction. In this respect they 
are like the unexplained cubic crystals of silica found by Lasaulx 
on the sulphur of Girgenti and called melanophlogite. 

11. Uraninite and monazite from Canada; by G. C. Horrmann. 
(Communicated).—These minerals were found at the Villeneuve 
mica veins, situated in the township of Villeneuve, Ottawa county, 
Quebec. The workings are on what has been described as a 
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coarse pegmatite vein, composed of quartz, orthoclase or micro- 
cline, albite, and muscovite, with occasionally garnet and black 
tourmaline. Some of the crystals of mica, which is of excellent 
quality, are of very large dimensions; the albite exhibits a beau- 
tiful play of color and some of the crystals of tourmaline, without 
being of a great diameter, are of remarkable length. A nodular 
fragment of uraninite was found, weighing about one pound. The 
specific ¢ gravity was 9°055. The specimen, to which was attached 
a little muscovite, had on one portion of its surface a moderately 
thick incrustation, the prevailing color of which was yellowish red 
to scarlet red, a small portion of the same had, however, a pure 
sulphur-yellow color; this material, which is most probably gum- 
mite, had a specific or wity of 3°78, 

The specimen of monazite was in the form of a rounded mass, 
to which was attached a little muscovite and feldspar; it weighed 
not less than twelve and a quarter pounds; structure compact, 
without any indication of crystalline form; color, reddish brown ; 
lustre, resinous ; specific gravity, 5°138, its blowpipe characters 
and general composition are those of monazite. The junior 
assistant, under my supervision, made a quantitative analysis, 
the results of which are only approximate; he fonnd it to 
contain phosphoric anhydride 26°95, oxides of metals of the 
cerium group (precipitated as oxalates) 64°45 per cent; also silica 
5°85 per cent. The loss on ignition was 1°39 per cent; water, 
direct estimation 0°91 per cent. 


III], Borany anp 


1, Die natirlichen Pflanzenfamilien nebst ihren Gattungen 
und wichtigeren Arten, insbesondere den Nutzpflanzen bearbeitet, 
unter Mitwirkung zahlreicher hervorragender Fachgelehrten, von 
A. EnceEt und K. Pranti.—The scope of this work renders it one 
of the most welcome recent contributions to botanical literature. 
The aim of the projectors is to furnish a comprehensive handbook 
of systematic botany, supplementing the Genera Plantarum. 
Such a work is adapted to the wants of special students, and also 
meets the needs of pharmacists, physicians, foresters and teach- 
ers. It is furthermore designed to answer the questions which are 
constantly coming up in general reading, and can be widely used 
as a book of reference. 

It is to consist of about 100 numbers, each having 48 octavo 
pages, to be illustrated by several thousand figures on wood. 
The editors are well known for their good judgment and discrimi- 
nation: the list of contributors contains the names of a large 
number of specialists. The name of the lamented Eichler appears 
in this list; from a fragment of his study of Conifer, given in the 
prospectus, it would seem that this important part might have 
been finished by him before his fatal illness had pronounced it- 
self. 

The first installment comprises a part of the true Palms. This 
has been done by Professor Drude. The text gives a full presen- 
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tation of the systematic relations of the groups, a full account of 
the structure, a connected sketch of the life history of palms, 
starting from germination, The topics of distribution and uses 
are treated in a reasonably full manner, and all has been done in 
a careful and attractive way. 

The illustrations are of the first order, comparing well in every 
way with any yet published in any country. The low price of the 
great work (1.50 marks, for each number of forty-eight pages), 
should place it in the libraries of most of our Colleges. The 
parts are to appear about every month, and the whole work will 
be finished in six years. G. L. G. 

2. An introduction to the Study of Lichens; by Henry 
Wiuttey, New Bedford.—We have been long in need of some 
English work which should give in a condensed and easily com- 
prehensible form the main facts concerning the structure of lichens 
and their classification, since most recent text-books treat lichens 
from a developmental point of view and do not give what may 
be called the common-place facts which every beginner wishes to 
know. The present work of 43 pages besides a supplement and 
10 plates, is especially adapted to the needs of those who wish 
something to enable them to use understandingly the synepsis of 
Prof. Tuckerman. There are chapters on the structure of lichens 
and the method of collecting which give the essentials in a com- 
pact and convenient form, as well as one on the distribution of 
North American lichens and an excellent summary of the progress 
of lichenology. The most valuable part of the work for lichen- 
ologists is the supplement which gives an enumeration of North 
American species of the genera not included in Tuckerman’s 
Synopsis, as far as published, from Baonrycei to Verrucariei. 
This is in fact a revised edition of the latter part of Willey’s List of 
North American Lichens published in 1873, with an enumeration 
of all species discovered since that date and descriptions of 11 
new species, 2 of them by Tuckerman. It is of interest to note 
that the number of species of the orders above named now known 
in North America is greater by more than a half than in 1873. 
The plates represent the spores of North American genera. 

W. G. F. 

8. The West Indian Seal (Monachus tropicalis)—The Bul- 
letin of the American Museum of Natural History, vol. ii, No. 1, 
contains a description of the West Indian seal. Up to December, 
1886, only one specimen was known to be in any Museum, the 
National Museum at Washington, a specimen formerly in the 
British Museum “having disappeared.” In December, Mr. H. L. 
Ward, of Rochester, son of Prof. H. A. Ward, the energetic head 
of the establishment for supplying Museums, visited “The Tri- 
angles” off the coast of Yucatan, with Mr. Fernando Ferrari- 
Perez, of Mexico, found the seals numerous and obtained a large 
number of skins and some skeletons, which were brought to 
Rochester. Those of the skins representing the maie, female and 
young, and one skeleton, are now in the American Museum, New 
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York. These specimens and the others in Rochester have afforded 
Prof. Allen material for his paper, which is illustrated by four 
plates. The same number of the Bulletin contains a paper by 
Prof. Allen on Squalodont Remains from Charleston, 8S. C., with 
two plates. 

4, Selected Morphological Monographs, by members of the 
Johns Hopkins University; Edited by W. K. Brooks,“ Ph.D., 
Director of the Chesapeake Zoological Laboratory.—This vol- 
ume, in 4to., contains four papers, of high merit, which have 
already appeared elsewhere; W. K. Brooks on Lucifer, a study 
in morphology, with 11 plates; on the Life History of the Hydro- 
Medusz, a discussion of the origin of the Meduse and the signifi- 
cance of Metagenesis, with 8 plates; and on the Stomatopoda, 
with 16 plates; and by E, B. Wilson, on the development of 
Renilla, with 16 plates. Only 100 copies published. Price, $7.50 
each, postage or express charges included. 

No. 8, vol. iii, of the Studies from the Biological Laboratory of 
the University contains a contribution to the Embryology of the 
Prosobranch Gasteropods, by J. P. McMurrich, with 4 plates, and 
on the anatomy and development of the Salpa-chain by W. K. 
Brooks, with 2 plates. 


TV. ASTRONOMY. 


1. Transactions of the Astronomical Observatory of Yale 
University. Vol. 1, Part 1; New Haven, 1887, 4°, pp. 105.—The 
first piece of work undertaken by Dr. Elkin on taking charge of 
the Yale Heliometer in 1884 was the determination of the relative 
positions of those stars of the Pleiades which were bright enough 
to be measured by the instrument. This work has occupied the 
larger portion of his time during the last three years, and the 
present memoir is the outcome of it. 

The stars measured were all of the stars in the Bonn Durch- 
mustering down to the 9°2 magnitude, sixty-nine in number, 
which were in the dense part of the Pleiades group. One of the 
first undertakings of Bessel with the Kénigsberg Heliometer was 
the measurement of this group. He included 53 stars, one of 
which was, however, omitted by Dr. Elkin as being too faint. 
A comparison of two such measurements made with an interval of 
45 years seemed likely to give results interesting and valuable of 
themselves, At the same time the methods employed were such 
as to furnish severe tests of the instrument, and to give due con- 
fidence to future properly conducted measures that shall be made 
with it. 

Two separate and entirely distinct series of measures have been 
made. The first here presented was in time the second under- 
taken, being the measurement of the position, angles and distances 
from Aleyone. This was Bessel’s method. It was not employed 
by Dr. Elkin until experience gave him confidence in the position 
angles determined by the instrument. The second was a system 
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of triangulation in which everything rested upon distances alone, 
and each night’s work could be rendered independent of all 
changes of scale value due to temperature and other causes, 
Four stars were selected near the outer limits of the group form- 
ing angles of a quadrilateral nearly enclosing it. Outside of these 
and nearly in the extension each way of the diagonals of the 
quadrilateral four other stars were selected, and the positions of 
these latter were determined by meridian instruments at other 
observatories. The two lines of stars furnished the means of 
determining scale values and deducing absolute positions. 

The distances of each star from the four angles of the funda- 
mental quadrilateral were then measured, and these distances 
furnished equations for correcting assumed star places and scale 
values. The scale values were also independently determined by 
measures of the “ Cygnus arc,” a series of stars used for the same 
purpose in the transit of Venus observations. 

These two series of observations were reduced, the resulting 
places compared with each other, and hence definitive places of 
the stars deduced for the epoch 1885°0. 

The Kénigsberg measures of distances have been known to re- 
quire changes by reason of errors of assumed scale values and 
temperature corrections. A new reduction of these measures is 
given by Dr. Elkin, and a revised table of places for the Bessel 
stars deduced for 1885-0 for comparison with the Yale places. 
The probable errors of the differences Y. K. are computed, the 
mean value being 0’°20. Dr. Elkin considers twice this amount, 
or +040, as a fair value to adopt, inside of which the actual 
motions are so likely to be mixed up with the errors of observa- 
tion as to afford little clue to their real amount or direction. 
Above this limit of twice the probable error, if its estimate be 
correct, the large majority of the discrepancies are due to actual 
displacements. Of fifty-one stars compared nineteen fall below 
the limit 0’°40, while of thirty-two there is some considerable 
probability of displacement since 1840. A chart showing the 
apparent displacements is given, and Dr. Elkin says: 

“ The first fact which strikes the attention on examining these 
values of Y.—K. is, that for the six largest there is a remarkable 
community of direction and amount; these stars, shown on the 
chart with broken lines, are as follows: 

No. Displacement ina: —1°43, ind: +2°15, total: 
—2°67 + 1°28 
—1°31 
— 1°80 +1:16 
—1°32 + 2°23 
—1°91 
and it is remarkable that this general direction of drift is very 
similar to the reversed absolute motion of Alcyone as given by 
Newcowb, namely, for forty-five years : 


Newcomb’s Zodiacal Catalogue: ina: —092, ind: +2.47, total: 2°61 
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For two of the stars, Nos. 14 and 35, it seems to me the coin- 
cidence is, considering the uncertainty of the absolute motion of 
Alcyone, a quantity not easily to be estimated at present, quite 
close enough to warrant the deduction that these two stars at least 
do not belong to but form only optical members of the group. 
For the other four it will be admitted that there is some possi- 
bility, if not probability, that they also are only seen projected on 
the group. 

“Of the remaining twenty-six of the thirty-two stars under con- 
sideration, it will be found that the distribution of the direction 
of motion is by no means equable, six stars only having an easter- 
ly motion, while twenty move towards the west.* And although 
it may prove to be fortuitous, and due to chance errors of obser- 
vation, still it may be noted that there seems to be a tendency to 
community of drift in certain groups in the same part of the clus- 
ter, such as that formed by the stars 1, 2, 5, and 7, and that 
shown by Nos. 3, 4, 6, 9, and 10. A third group seems to be 
made up of the two sets 11, 12, 15, 20, and 31, 33, 37; and of the 
six stars with an eastward drift five, Nos. 19, 25, s, 34, and 39, 
are again about in the same direction. It is noteworthy that of 
the ten brightest stars only two are to be counted among the ones 
with some probability of displacement; and for these two, J and 
m, the divergences are very small, 0°49 and 0'°48 respectively, 
confirming the conclusions reached by Professor Newcomb from 
the discussion of the meridian observations that the relative 
motions of the brighter stars are as yet in general insensible. For 
star b, however, I think the motion in declination is unquestiona- 
ble; m, being only indirectly connected at Kénigsberg with 
Alcyone, is very much more uncertain. 

“The general character of the internal motions of the group 
appears to be thus extremely minute. If for the six stars men- 
tioned as with more or less probability not belonging tothe group 
this proves to be the case, there are but five stars for which the 
displacement amounts to over 1” in forty-five years. The bright 
stars in especial seem to form an almost rigid system, as for only 
one is there really much evidence of motion; and in this case 
(star 5) the total amount is barely 1” per century. The hopes of 
obtaining any clew to the internal mechanism of this cluster seem 
therefore not likely to be realized in an immediate future.” 

The work upon this group by M. Wolf at Paris, and at the 
University Observatory at Oxford is then compared with this at 
Yale: “The outcome of these comparisons appears to show that 

* Lately, Professor Pickering, of Harvard, has photographed the spectra of the 
Pleiades stars, and it is of some interest to note that the only two marked diver- 
gences he has found among them are of two of the six stars having motions 
opposite to those of the generality of the group, stars s and 39, in which the K 
line is present. Star 25, which has a very similar motion to s, was unfortunately 
not determined on the photograph, on account of its spectrum falling over some of 
the others. Of the six stars which may very possibly prove not to belong to the 
group, they are all but one too faint in the photograph to have the. character of 
the spectrum ascertained. The one, star 17, has the general spectrum of the 
group. 
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the use of the filar micrometer for such large distances as those 
under consideration is likely to be accompanied with considerable 
casual error, and, unless great care is taken, with large systematic 
error. The conclusions of Messrs. Wolf and Pritchard as to the 
relative motions in the group have thus been unfortunately 
vitiated, and must be replaced by those formulated at the end of 
the preceding section.” 

Another result of the discussion is that the probable errors of 
the heliometer measurements rapidly increase with the magnitude 
of the stars observed, so that Dr. Elkin expresses the purpose 
hereafter to restrict his investigations to stars which do not fall 
much below 8°1 or 8°2 magnitude, much as this will limit its field 
of activity.. 

2. Annals of the Astronomical Observatory of Harvard Col- 
lege, E. C. PickrerinG, Director, vol. xvii. The-Almucantar; an 
investigation made at the Observatory in 1884 and 1885; by 8. 
C. CuanvieR, JR., Cambridge, 1887.—This volume of the Har- 
vard Annals is devoted to the description and the theory of the 
new instrument invented by Mr. Chandler, and the results of 
observations and experiments with it. The almucantar consists 
of a telescope mounted upon a base that floats in mercury. The 
field is crossed by a reticule of horizontal lines, and one vertical 
line to mark the center of the field. The observation consists in 
noting the time of transit of a star across an almucantaral circle, 
such a circle taking the place of the meridian plane in meridian 
instruments. 

Mr. Chandler considers it a fair conclusion from his experi- 
ments that the probable accidental deviation of the float from the 
mean position of equilibrium, is in the neighborhood of one- 
twentieth of a second of arc. 

This mode of axial rotation of the sight line of the telescope he 
believes, therefore, to be nearer perfection than can be certainly 
attained by any instrument swinging on pivots in a vertical 
plane. If further investigations, especially with new forms of 
the instrument some of which are suggested by Mr. Chandler, 
shall confirm these conclusions, the almucantar seems certainly 
destined to be used for the solution of some of the most difficult 
astronomical problems. 

3. Parallax of a Tauri. — Professor Hall has published in 
Gould’s Journal the results of his measurements of a Zauri and 
its companion made in October and March last. Director von 
Struve had obtained the very large parallax of 0’°516. Professor 
Hall obtains, however, the small value of 0’°102. One series of 
Dr. Elkin’s measurements of this star, made with the Yale Heli- 
ometer, indicates a small rather than a large parallax. 

4. Publications of the Morrison Observatory, Glasgow, Mo., 
No. 1, 4°, pp. 111.—The Morrison Observatory was established 
by a donation from Miss Berenice Morrison, and the present publi- 
cation is prepared by the Director, Mr. Carr W. Pritchett. It 
contains a description of the observatory and its instruments, the 
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details of the determination of the geographic codrdinates of the 
observatory, and a large number of miscellaneous observations, 
These have been made by the Director, by Prof. H. 8. Pritchett, 
and by Mr. C. W. Pritchett, Jr. The principal instruments are a 
123 inch equatorial, and a 6-inch meridian circle having 24-inch 
graduated circles. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Bulletin of the California Academy of Sciences, January, 
1887.—This number of the Bulletin contains among its papers: 
G. F. Becker, on the Washoe Rocks; V. E. L. GreeEne, Studies 
in the Botany of California; R. Smirn, on Tetraodon setosus; T, 
L. Casry, Descriptive Notices of N. A. Coleoptera; Dr. G. 
Davipson, on submarine valleys on the Pacific Coast; W. E. 
Bryant, ornithology of Guadalupe Island; G. Davipson, Early 
Spanish Voyages of Discovery on the Coast of California. 

Guadalupe Island (29° 10’ N., 118° 18’ W.), is described as 
about 5 miles wide, 15 miles long, volcanic and having a reported 
height of 4523 feet. A ridge extends the whole length of the 
island, having steep slopes to the west. In January and Decem- 
ber of 1885, Mr. Bryant found the climate cool, frost often at 
night, dense fogs frequent. The number of birds now known 
from this island is thirty-six. ‘‘ Four of the ‘straggling species,’ 
Mountain Bluebird (Sialia artica), Varied Thrush (Hesperocichla 
nevia), Townsend’s Sparrow (Passarella iliaca Unalaschensis), 
Golden-crowned Sparrow (Zanotrichia coronata), are recorded 
for the first time from so southern a latitude, while their presence 
so far off shore is of scarcely less interest.” The Humming bird, 
Trochilus Anna, is one of the Guadalupe species. ; 

2. Technology Quarterly. Vol. I, No.1. 96 pp. 8vo.—This 
new scientific Quarterly, issued by the Massachusetts Institute 
of Technology, Boston, promises to be a very valuable Journal. 
It contains the results of work done by the students and officers 
of the Institute of Technology, which is one of the largest and 
best-equipped institutions of the kind in the country. The board 
of Editors is chosen from its Senior and Junior Classes, among 
whom Wm. S. Hadaway, Jr., is Editor-in-Chief. The subscription 
price is two dollars a year. This first number contains thirteen 
papers on technological, geological, chemical and other subjects. 

3. Meeting of the American Association for the Advancement 
of Science, at New York, commencing Wednesday, Aug. 10.—The 
headquarters of the Association will be at Columbia College, and 
all the offices and meeting-rooms will be in the buildings of the Col- 
lege. The hotel headquarters will be at the Buckingham Hotel, 
Fifth avenue and Fiftieth street, one block from Columbia College. 
For all matters pertaining to membership, papers and business of 
the Association, address the Permanent Secretary at Salem, Mass., 
up to August 6. -From Aug. 6 until Aug. 17, his address will be 
Columbia College, New York, N. Y. Arrangements for excursions 
and receptions will soon be announced. 
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volume. 
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the regulations, etc., of the University. Published at the close of the Aca- 
demic year. 
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DANA’S WORKS. 


IvisoN, BLAKEMAN, TAYLOR & Co., New York.—Manual of Geology, by J. D 
Dana. Third Edition, 1880. 912 pp. 8vo. $5.00.—Text-book of Geology 
by the same. 4th ed. 1883. 412 pp.12mo. $2.00.—The Geological Story 
Briefly Told, by the same. 264 pp. 12mo. 1875. 


J. WiLEY & Sons, New York.—Treatise on Mineralogy, by J.D. Dana. 5th 
edit. xlviii and 828 pp. 8vo., 1868. $10.00. The 5th “subedition” was 
issued by Wiley & Son in April, 1874. (Each ‘‘subedition” (or issue from the 
stereotype plates), contains corrections of all errors discovered in the work up 
to the date of its publication). Also, Appendix I. by G. J. Brush, 1872. Ap- 
pendix IT, by E. S. Dana, 1875.—Mfanual of Mineralogy & Lithology, by 
J.D. Dana. 3d edition. 474 pp. 12mo., 1878.-Text-book of Mineralogy, 
by E. S. Dana. Revised edition. 512 pp. 8vo.. 1883.—Text-book of 
Elementary Mechanics, by E.S. Dana. 300 pp. with numerous cuts, 12mo.,. 
1881.—Manual of Determinative Mineralogy, with an Introduction on 
Blow-pipe Analysis, by GrorGE J. BrusH. S8vo., 2d ed. 1877. Third: 
Appendix to Dana’s Mineralogy, by E. 8. Dana. 136 pp. 8vo. 1882. 


Dopp & Meap, New York.—Corals and Coral Islands, by J.D. DANA. 398 pp. 
8vo, with 100 Illustrations and several maps. 2d ed., 1874. 
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